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(EVEN years ago the Society of Sciences of Harlem 
proposed the following question: 

" Plusieurs experiences, faites dans les annees der- 
nieres en Europe et en Amerique, par rapport & la 
temperature interieure de la terre, paraissant indiquer 
une augmentation de chaleur en raison de la profon- 
deur, on desire une r^vue et un esamen critique de 
ces experiences, afin de determiner si I'on doit en eon- 
clure qu'une chaleur plus forte existe au centre de 
la terre, ou bien, si Taugmentation de chaleur, obser- 
ves dans les experiences mentionn^es, peut #tre expH- 
quee soit par la compression et le courantde I'airdans 
les mines, soit par d'autres causes ? Jusqu'^ quel 
point ces recherches peuvent-elles suffire pour ex- 
pliquer Torigine des sources chaudes et des pheno- 
menes volcaniques, ainsi que d'autres changemens que 
subit la terre a sa surface ?" 

I undertook to answer this important question, and 
was fortunate enough to succeed in obtaining the prize 
oifered by the Society for the best treatise on the sub- 
ject. Having continued and extended my researches, 
I published a German work entitled, " Die Wdrme- 
lekre des Innem unsers Erdkorpers, ein Inhegriff aller 
mit der Warme in Beziekung stekender Erscheinungen 
in und auf der Erde, etc. Leipsic, ]837." In the 
mean time an English gentleman, and former pupil of 
mine, Mr Alexander Mornay, feeling an interest in 
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the subject of my work, undertook to translate it me^ 
English. This translation was communicated by my 
valued friend, Mr Leonard Horner, to Professor Jame- 
son, with a view to its being published in the Edin- 
burgh New Philosophical Journal. I consider it, how- 
ever, necessary to state, that the Chapters from I. to 
XX. can alone be considered as a close translation. 
Indeed, upon pursuing my inquiries, and learning the 
facta established since that time by other naturalists, 
and applying them in support of my own views, I 
could not fail to be led to make various improvements 
and additions. I have accordingly remodelled the 
translations of Chapters XXI. and XXII., and I 
flatter myself that I have enriched them by many im- 
provements and additions. My English publication 
may therefore be considered in some degree as a new 
edition of my German work. 

Professor Jameson having had the kindness to re- 
vise my papers with a view to the correction of any 
grammatical errors, I feel the less hesitation in ven- 
turing to offer them to the English public. The errata 
have chiefly arisen from the reduction of the tempera^ 
tures calculated in my manuscript from the scale of 
Reaumur to that of Fahrenheit. 

I have added a table of contents, and a complete 
index to this volume. The latter will enable the 
reader to refer to the different subjects treated of. 

A very short interval will, I trust, elapse before I 
shall be able to present the second volume to the 
public. 

Bonn, July 21. 1S40. 

\* Althougli the author intends to publish a second volume on firai- 
lir aubJBctfi to tUoae contained in this one, yet the present treatise is to he 
Hoarded at an independent nnd complete work. 
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Wiat Tliermometrical Circumslances on the Surface of the Earth 
lead us to assume thai an Increau of Temperature towards tie 
Centre of Ae Earth must take place f 

Wb are indebted to Alexander Von Humboldt • for an in- 
genious inquiry into the principal causes of differences of tempe- 
rature in the earth. In one of the following chapters we shall 
endeavour to ascertain to what depth the influence of the exter- 
nal temperature which occasions those differences continues to be 
felt. Beyond that boundary other circumstances of tempera- 
ture present themselves, which are no longer connected with the 
geographical and physical climates ; and at certain depths, which, 
however, are not the same in all parts of the earth we 6nd the 
same degree of temperature beneath the perpetual ice and snow 
of the polar regions, as under the torrid zone. That thermo- 
metrical phenomena in the interior of the earth are totally inde- 
pesdent of all external circumstances, proves itself not only ii 



Poggendorff's Annalen, vol. 3 
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the carih''s crust, but bIbo in the depths of the sea and of 
where a temperature prevails which is equally uninfluenccti by 
them. Quantities of water springing out of the earth at almost 
every point, shew themselves equally independent of the tnflu- 
ence of the external tem[>erature, or, at most, but slightly modi- 
lied by it. The object of this part of the present memoir will be 
an investigation into these phenomena, and into the cireumsUmces 
more immediately connected with ihem, which may indirectly 
lead us to the conclusion, that there exists in the interior of (be 
earth a temperature which increases progressively with the depth. 

Chap. I.— On tAe CircumMances -under which Warm Springa are 
foMtd OTi the Sv.rface of the EarlA, and on their fretftienet/ ofoc- 
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If we were obliged to confine ourselves to those commoDly 
called warm or hot springs, it would be presumptuous to con- 
clude from their temperature that of the interior of the earth in 
general, as they are comparatively of rare occurrence ; but if we 
be allowed to consider every spring as warm or thermal, whose 
temperature exceeds, by however little, the mean temperature of 
the place at which it rises, we shall find that ihermal springs are 
far from unfrequent. 

It may be considered almost as a general rule, that tboiB 
springs which are usually termed mineral springs exceed, more 
or less, the mean temperature of the place, and it must be re- 
garded as an exception when this is not the case. 

For several years I have been observing, at different seasons, 
the temperature of about twenty mineral springs in the vicinity 
of the Laacher See, and I find that even the coldest amon^ 
them always exceed the mean temperature of the place by near- 
ly V R. (= 2J° Fahr.) Some of them even rise to 5S°.875 F., 
Sr.STS, and 68°.SS5," and shew a constant degree of heal. The 
warmest of the numerous mineral springs in the volcanic Eifel, 
is that of the baths at Bertrich, the temperature of which is 
90°.5, The hot springs of Aix-!a-Chapelle and Burtscheid 
(Borcette), attain a much higher temperature ; the warmest 
among the latter shews 171°. 5. 

IS given in ttils Rtticle are r^uccd to Ihc sckIc of Ffth. 
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The numerous mineral springs of tiie Westerwald and the 
Taiinus Mountains, surpass the mean temperature of the place 
with but few exceptions. Some, as Sellers, have fi0°-125; 
Schlangenbad, Ems, and Wiesbaden rise even as high as S4°.875, 
131°, and ]47°.875. Wille* determined the temperature of 
thirty groups of mineral springs between the Taunus and Vo- 
gelsgebirge, and found that they must be considered as tbermals, 
with but few exceptions. The salt springs at Sooden, near 
Hochst on the Main, and in tiie valley of the Nahe, have a tem- 
perature of 74°. 75 and 81°.5, and those of Nauheim even 86*. 

A great number of fresh-water springs, which rise out of the 
chalk formation on the western decHvity of the Teutoburger 
Wald and the Haar in Westphalia, possess a degree of heat 
exceeding the mean temperature of the place. According to my 
observations, made in April 1833, and repeated in May 1834, 
on the springs of the Lippe, Jordan, Pader, and Heder, on the 
fresh-water springs of Gesccke, Erwitte, 8:c., their temperatures 
vary from 47°. 75 to 59°. 35. Those whose temperatures are near 
47". 75, can alone be considered as being equal to the mean tem- 
perature of the place ; the warmer ones are evidently thermal, 
and their number is not small ; for example, at Paderbom, out 
of sixty of the springs which I observed, there are fifty whose 
temperatures ore above SO", and which must consequently be 
considered as thermal. A warm spring, lately discovered, about 
forty feet distant from the Lippe springs, has a temperature as 
high as GQ°.S5.f The temperature of the salt springs oF West- 
phalia is between 52°.25 and 63°.5. J 

The mineral springs of other parts of north-western Germany 
in Hessia, Hanover, Sic, tor the most part also exceed the mean 
temperature of the place, g The salt springs in the Prussian 

* Geognoatische Beschreibiing dec Gebirganiassen zwiflchen dem Taunus 
lind Vogelsgebiige, &c. Maine, 1828'p. 100, and fol. 

t Bischof ueber die inerVwiirdigen Quel (en verba Itnisae dei westUchen Ab- 
hangs dea Tentobui^er Waldes Im neuen Jahrbuche der Chemie und Phyrik 
vol. viii. p. 240. 

I KoUmaim in " Daa Gebirge in Rheinland Westphalen," von NojKerath 

g Osatin's Fbf sikal. Medicin. Daretellung der bekannten Heilquellen dtr 
voraiiglichaten I.ttniler Europa'a, part ii. 1B32. 
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dominions between the Elbe and the Rhine have lei 
from 59°.25 (u 6S°.1T5, and for the most part have been found 
not to have varied during twelve years of observation. 

In the ErKgehirge, in the Biesengebirge, and in the Bohe- 
inian Mittelgebirge, the temperature of the mineral springs also 
exceeds, in general, the mean temperature of the place. The 
Wiesen, or Jobsbad, near Annaberg, has a temperature of 70°.S5; 
the Wolkensteiner Bad, 88°.75 ; Landeck, 6(i''.875 to SS-.SIS; 
Warrabrunn, 96° to 99°-5 ; Toeplitz, I^AS to 1 1 7'.5 ; and the 
celebrated Carlsbader Sprudel, i64''.75. 

Moravia also offers several examples of warm springs ; for 
instance, the sulphurous vraters of UUersdorf, which have 88°.^. 
Hot springs are very abundant in Hungary, Transylvania, 
Sclavonia, and Croatia; the hottest of them attain 88° .25 to 
1 W'.5. There are a great many warm springs on the Caucasus, 
several of which almost reach the boiling point.* 

In the interior of Germany, in Bavaria, and Wiirtemberg, 
there are comparatively few hot springs, commonly so called ; 
there are, however, many which may be considered as therma]. 
The Ludwigsbad, near Wipfeld, has 66*.75; the salt springs 
at Reichenhatl and Kissingen, 5&°.15 to 69M^ ; the mineral 
springs at Canstodt, 63°.5 to68°.0; the Liebenzeller Bad, 76°.S95: 
and the Wildbad, 88°.25 to 9r.26. The Grand Duchy of 
Baden also possesses several thermal springs, among which 
Baden-Baden, having a temperature of 128°.75 to 153° .5, is 
particularly remarkable. 

A great number of thermal springs are found in the Alps. 
In Krain, the temperature of the Toeplitza rises to 97°.813 ; 
that of the Baths of Montefalcone, near Trieste, to lOO^dSS. In 
Carinthia, the hottest is the Villachcr Bad, having 79°.25 ; in 
Styria, the Bomerbad at Tyffer, and the baths at Neuhaus, of 
43° .875 to 98°.8g5 ; in the Archduchy of Austria, the sulphur- 
ous warm spring at Baden, of 83°. 76 to 99° .5 ; Salzburg, the 
celebrated Gastciner Wildbad, of 99° .5 to n7°.5. 

In Tyrol thermal springs are numerous. According to the 
obserratioos made, at my request, by my friend Professor En- 

* Hermann Unterauchungen der MmeratquelleD Bin Kauka9u9, &c. — in 
the Nouveaui Mt'inuireii de la Soc. Imptrialc des Naturalist«s de Moscow, 
vol. ii. p. 387. 



I 



Hoi aiid Thermal Springs. S 

nemoser on about twenty-six warm springs, their temperstures 
&1I between 52° ,25 and 72°,9S. Neither are they of uncommon 
occurrence in Switzerland; the hottest are St Gervaise, near 
Mont Blanc, 61°.875 to 97°.925 Pfaeffers, 990.6 to 100°.625 ; 
Aix-les-Bains (in Savoy), 111=^76 to 116°.825; and Leuk, 
970.25 to 124=.25.* 

In France, from the Pyrenees to the mountains of the Vosgea, 
a great number of warm springs are to be met with. Among the 
many sulphurous springs in the department of the East Pyre- 
nees, which are dispersed over fourteen districts, Anglada-f" ob- 
served the temperature of forty-two thermal springs, of which 
only three possess a temperature below 77''', twelve between 
77°.0 and 990.5, ten between Q9o.5 and \9.9.°.0, fourteen between 
122°.0 and IW.S.and three between 144°.5 and 172=.f)25. Even 
the coldest among all those sulphurous springs are sensibly 
wanner than the neighbouring fresh-water springs, which have 
only 4i7°.75 and 50° of temperature. 

In the volcanic mountains of Auvergne and the Vivarais, a 
great many thermal springs are found. The hottest of these 
are: Mont-Dore-les-Bains, ofllSo.O; St. Nectaire, 66°.75 to 
89°.6; Vichy, 90°.5 to llSo.O; and Chaudes Aigues, igOo.l.J 

As the object here is only to point out the occurrence of 
thermal waters in the most various formations, I think it unne- 
cessary to mention further the hot springs of other coimtriea, 
where, however, it would be easy to shew that they are to be 
found in equal abundance. jL^v-'i"..'. .' - ■! 

But it is not Nature alone that furnishes us with hot springs j 
art can also draw them forth from the interior of the earth. Al- 
most all artesian wells piossess a temperature superior to the mean 
temperature of the place. Thus the temperatures of forty-eight 
springs bored for in and near Vienna, were found hy observa- 

" Robert Bikpwell (Philosoph. Magazine, Januarj 1828, p. 14 to fi9), 
communicatea some verj Interesting lemarts on the frequent occurrence of 
hot springs in the district of the iiennine Alp». With these we may compare 
the ubaervalinna of Pallasau on the nuoierous hot springs of the Pyrenees. 
(M£moire pour servir & I'Histoire Naturelle des Pyr6n*es, 1816, p. 436.) 

t M^moirea pour servlr "k rHiatoirc Generate des £aux Mln^rales Rul^ 
phureuBea et ies Eaux Therniales; Paris, voL i. p. 31 and 35. 

X Bischof, die vulcauischen Jlineralijucllen DeutatUands imd Fmiikreichs. 
I Botui, 1820, p. 313. 
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tions made in November 1830 to fall between 5S°.S5 and ffT°.1! 
whereas the mean temperaiure of Vienna is SOo.Bl.f At Bi* 
Ian gen (mean temp.betwcen47''.75and50''.0),spring3of53''^75 
were met with in the Keupcr (?) formation at depths of 168 
and 99 feet.J At Wurizburg (mean temp. S0°.675), an nrtcsiaD 
well was sunk 200 feet deep, the temperature of which wu 
Bi''.'!35.§ At Niirnberg (mean temp, between IT'.TSandSO^.O), 
springs were discovered in the Keuper at depths of 71, 166, and 
S57 feet, having temperatures of 50°.0, 52°.S5, and seMSS; 
and others at 100 and 31 8 feet of 5S°.b75 and 5i°.S. || In Wnr- 
temberg a great number of artesian wells have been sunk with 
various success, all of which have temperatures exceeding the 
mean temperature of the places at which thej are situated.^ 
Thus eight of these wells at Berg, near Stuttgard, in the muscbel- 
kalk yielded, at depths of 117 and 163 feet, mineral waters of 
65° .75 to 70* .95, very strongly impregnated with carbonic acid 
gas. The warmest contained a greaterand the coldest a smaller, 
proportionof gas. In another case, in the name neighbourhood, a 
stream of water suddenly burst forth at a depth of 98 feet, with 
great violence, caused by the explosion of the compressed gas. 
The water contained a great quantity of carbonic acid, and bad 
a temperature of about 65°. 75. In and about Canstadt, water 
strongly impregnated with carbonic acid gas was obtained, hav- 
ing a temperature of 66^-4S5. Five artesian wells, sunk at HetU 
brono, on the Neckar, yield water of 54" .5."* The mean tem- 
perature of the places in Wiirtemberg falls between 47''-75 
and S0°.0. In the Amalienbad Langenbruckeo, in Baden, a 
strong sulphurous spring of 56'',75 was obtained by boring.-f^ 
According to my observations on ten artesian wells at Miinster, 
in Westphalia, their temperatures seem to exceed the mean tem- 

■ Die srteaiscben Brunneii in und um Wien von Jaciiuui und. FutBcIi. 
Wien. 1831. 

■f Eaatner'g Archiv. fiir Chemie und Miiti^orolngie, vol. It. p. 48. 

i Ibid. voL ii. p. 238. 

} Ibid. voL iv. p. 374. 

I Von Bruckmann ueber artesiscfaen Brunnen. Hcilbrocn, 1833, p. SS4 
and 22a. 

% Correspondenzblalt des Konlgl. Wurtemb. landwiithachaftl. VeteiiM, 
1833, voL ii. No. 2. p. 1B2_1. 

■■ Von firuckmann, p. 34. tt Ibid. 248. 
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peraturc ol' the place by about 2°.25. Some springs bored for 
in the East Pyrenees also exceed the mean temperature of that 
country by several degrees ; thus one at a depth of 80 feet had 
60°.S5, exactly the same as the running springs in the neigh- 
bourhood ; a second, at a greater depth, shewed 62'^.8S5,* Lart- 
ly, at Riidersdorf, near Berlin, in the chalk formation, water of 
74''.3 was obtained at a depth of 880 feet, 770 feet below the 
surface of tiie Bea,-f- 

This comparison of the temperatures of springs shews that 
thermal waters are to be found in all formations very abundant- 
ly. They are found in the youngest members of the second- 
ary series, as well as in the oldest neptunian and in volcanic 
rocks. We find thera below the level of the aea, a few hundred 
feet above it, and at heights of 2000 to 13,000 feet.J Warm 

■ Bullettn de U Socl^t^ Geolng. de France, vol. iv. p. 214. 

■f- Po^endorS's AnnoleD, vol. xxviii. p. 233. 

i I only mention a few warm springs as esamplea : Ems lies 391 feet 
above the level of tbe sea, Wisbaden 323 feet, Aix-la-Chapelle 400 to 500 
itct, Pfaeffera 2138 feet, Gsstetn 3100 feeC, Leuk 4400 feet, Brennersbad In 
Tjrol <72°.5), 4500 feet ; the warm springs of Dui (5e°.75 to 72°.&. disco- 
vered bj Ennemoser), 5800 feet. In tbe Cordilleras rise the sulphurous 
Springs of Juan (89°.a) and Aqua Tibia (06°. 8), at a height of 12,313 feet above 
the sea. Boussingault remarks (Annales de Chimie et dc Physique, vol. lii. 
p. 161), that at difibrenC points In the CordiUems, there are appearances which 
ipeak in tiivour of the opinion that tlie heat of warm springs is caused bj the 
superior temperature of the interior of the earth. Thus, it aeenis that the 
hot springs in ihe chain of Venezuela have a lesa elevated temperature the 
higher they are situated ; for example, the hot spring at Las Trincberaa, near 
Puerto Cabello, almoet on the level of tbe sen, hat 20G°,6 ; the spring of Ma- 
riana, 14G5 feet above the sea, aa\y I47°.2 j and the waters o( Onoto at a 
hragblof 2161 feet, onlj 112°. 1. In tbe trachjtic districts, particularly in 
tbe vicinity of volcanos, this regularity in the decrease of the temperature of 
the springs is no longer observable; and it seems that in this case the local 
cause, which occasions the volcanic jJhenomena, has an extraordinary inflneni-e 
topon the temperature of theu waters. Anglada (p. 54) shews, ou the other 
hand, that tbe temperature of thermal q>rlngs does not always decrease with 
the increase of elevation at which they rise. But how could such be always 
expected, even if they were only indebted to the heat of tbe interior of tbe 
earth for their superior temperature ? For, since their temperature de|ienda 
Upon the depth to which the meteoric waters sink through the clefts, it may 
easily happen that a spring rising at a greater elevation, but coiojnjg irom a 
greater depth, should have a higher temperature than another rising tl a 
lower level, but Irom a leuerdeptn. 



8 Prof. Btwliof on tlif Temperature of ^^| 

springs are also found in all latitudes : in the polar f^omHP 
in Iceland and in Greenland,* as well as in ihe tempemte Zone 
and under the equator. The heat which accompanies them 
cannot, therefore, be sought Jo any particular formation of rocks, 
nor in local chemical processes, but must be everywhere distri- 
buted throughout the interior of the earth. We must necesos- 
rily be brought to this conclusion, so soon as we succeed in prov- 
ing that it cannot possibly result from any chemical processeft. 

Chaf. II. — Can the elevated lemperature of acidutoui springt be a 
coiuequenee of the abiorption of carbonic add gtu f 

Leop. von Buch,f in the communication of his observations 
on the temperature of the springs in the Canary Isles, finds it 
very remarkable how small a proportion of carbonic acid gas is 
sufficient to influence the temperature of springs. " But bow. 
ever astonishing,^ he says, " this circumstance may be, it is ne- 
vertheless not peculiar to these islands, but, on the contrary, of 
rather general occurrence. At least I have not as yet been able 
to discover any acidulous waters, whose temperature has not in- 
variably exceeded that of the fresh water springs." 

The experiments of Henry.J; by which he found that carbo- 
nic acid gas and water of equal temperature, acquired, by th«r 
mixture, an increase of temperature of only 0°.45 to 0o.743 
were already unfavourable to this hypothesis. However, in or- 
der to ascertain what increase of temperature would actualljr re- 
sult from the absorption of heated carbonic acid gas by water, I 
formed carbonic acid gas by heating carbonate of lime in agun- 
bsrrel, and made it pass into a receiver filled with water. The 
quantity of water in the receiver was 174.5 volumes, and that of 
unabsorbed carbonic acid gas, which had collected over the wa- 
ter, 60 volumes. The temperature of the water at the begin- 
ning of the experiment was 44°.375, and after the absorption of 
the gas was 45.°S75 ; total increase 0°.9. 

A part of this increase must, however, be attributed (o the 
heat of the room (Si^.S to 56°. 75) during the hour and a half 
that the experiment lasted, and to the strong charcoal fire neoes- 

'Gilben's Annolen der Ph^sik, vol. IxiL p. 174. 

f PoggendorS's Annal. der Pbfsik, vol. xll. p. i\h. 

t FhiloMphical Transactions for 1B03, p. 1. ^^_ 
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sary for the evolution of the gas, notwithstanding that the re- 
ceiver was guarded from the radiated heat by a screen. 

To ascertain the temperature of the gas at the moment of its 
leaving tlic gun-barrel, I introduced a very delicate thermome- 
ter immediately into the stream of gas at the moment of its 
escape ; it rose, however, only to 88°.25, altliough the gua>bar- 
rel, at the end from whicli the gas issued, had a temperature of 
144i°.6. A repetition of this experiment gave the same result." 

If, then, we suppose that, at a certain depth in the earth, car- 
bonic acid gas ia generated in a similar manner, by the heating 
of carbonate of lime to a red heat, and that it is absorbed at a 
certain height above this subterranean laboratory by the waters 
of springs, the temperature of those springs could only be raised 
about 0°.9. 

Leop. von Bucb says farther, that the elevated temperature 
of acidulous springs is easy to be understood, if we consider for 
a moment how they make their appearance on Ihe surface. 
They always owe their existence, namely, to the escape of car- 
bonic acid, rom hot mineral springs strongly impregnated with 
gas, which exist in clefts or in narrow valleys, at a considerable 
depth. The carbonic acid expelled by the hot water escapes, 
makiug a passage up through the cracks in the rocks, combines 
with the colder waters with which it meets, and comes to the 
surface in the shape of acidnlous springs, bearing a temperature 
somewhat above the original temperature of the water. 

In order to make a trial of this hypothesis by means of a few 
direct experiments, I evolved carbonic acid gas by boiling on 
acidulous water, which was very rich in carbonic acid, in a re- 
tort, and introduced a very dehcate thermometer into the mouth 
of the retort, immediately in the stream of gas. The tempe- 
rature of the mineral water before the experiment was BT-BS, 

' The greater part of the best which the carbonate of lime receives, seems 
to be applied in convertiQf; the carbonic add into the gaseous state. It ia 
lingular that carhonic acid gis diseagoged fitiia chalk hj ineBDa of concentra- 
ted sulphuric acid, acquires a much higber temperature tlian thai which is 
liberated bj heat. The temperature uf the gas disengaged by eulphuric acid 
rose to 133°.25, and would, doubtless, have risen still higber, had not the 
mass, In consequence of the too violent escape of the gas, cotne into contact 
.with the tbermometer. The tetnp^tur« of tbe aae^ itsel/ wu much above 
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that of the air at the mouth of the retort 64''.175. 
meter diil not rise to 65°.75 until some drops of water had dis- 
tilled over. At this point it remained for Bevoral minutes, whilst 
the mineral water continued to boil, and it was not until aque- 
ous vapours were visible that it rose by degrees as high as 312". 

It is, therefore, quite evident that the carbonic acid gas had a 
very small share in the raising of the thermometer, but rather 
that the aqueous vapours produced this effect. 

I repeated this experiment, and luted a receiver filled with 
distilled water air-tight into the neck of the retort. The volume 
of the mineral water in the retort was to that of the distilled 
water in the receiver as 1 to 0.77- As the mineral water was 
over-saturated with carbonic acid, the water in the receiver could 
still, after subtracting the quantity of carbonic acid left in the 
mineral water, absorb nearly sulBcient to saturate itself. The 
acidulous water was heated by degrees to 187°-25,* and kept for 
a long time at that temperature. The total increase of tempe- 
rature, however, only amounted to O^G76 ; which is just the 
same as was observed by Henry. 

t again varied the foregoing experiment by causing a straam 
of caHx)nic acid gas, which I evolved from an aciilulous water 
by boiling, to pass through a column of water 18 inches high. 
The volume of the column of water was equal to 1, that of the 
water from which the gas was evolved equal to 3.37, that of the 
space in the retort unoccupied by the mineral water equ^ lo 
6.63, and ihc volume of the gas contained in ihe water may be 
taken at least as equal to *. As the boiling was kqjt up to 
long as gas continued lo rise, about 10.63 volumes of carbonk 
acid gas and atniosf^eric air must ha>'e passed through the a»- 
himn of water. Tlie tempemture of the air during the experi- 
MKnt was 60°.1SS, tbst of the column of water at tbe commence- 
ment 54'.5; and, until the natcr in the retort L>ogan to boti, the 
highest teiu(>erature it acq\ntvd was 61 '.3. But afterwards, 
when grrat quaMiOcs of aqueous v«|>our aecDGipanied tbe car- 
Ikmik artd gas. it rose by dcigpws t*> 1S0".5 ; and it is evident 
llwt tlMWc vajxiurs miisi have alsti had some *liar*- in the ii 
of T.ft olwMTcd IvfoTf the mineral water lics«n to Kiil. 
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From all these experiments it fotlowB, that (he heat of acidu- 
lous springs cannot be ascribed to the carbonic acid gas itaeif, 
btit principally to the aqueous vapours which accompany it, for, 
as Von lluch imagines the production of acidulous springs, the 
vapours of water must also as^st in raising their temperature. 
Besides, this hypothesis presupposes the exisleuce of aa elevated 
temperature below the origin of these springs ; so that we need 
only suppose them lo descend into the vicinity of those hot 
springs, and they will acquire an elevation of temperature, inde- 
pendently of the inconsiderable increase caused by the absorption 
of the carbonic acid gas. 

If the rising of springs follows the laws of hydrostatics, it is 
easy to conceive how carbonic acid gas and aqueous vapours 
should find their way into the channels through which they flow. 
I have made several experiments on this subject.* I connected 
two glass-tubes, each of four feet long, by a brass pipe, ia such 
a manner as to form an inverted syphon. At the side of the 
brass tube, another tube was fixed at right angles to it, having 
a cock in it, the o[)ening of which was very narrow ; to this was 
luted a small tubulated retort. When the cock was shut the 
apparatus formed an uninterrupted syphon; and even when it 
was open, the water continued to flow out of the shorter tube, so 
long as it continued to be poured into the longer one ; for the 
air in the retort was only compressed, without its being able, on 
account of the smallnese of the aperture, to escape through the 
cock, and let in the water in its place. When carbonic acid gas 
was generated in the retort, and the cock opened, the gas rose 
through the water in the shorter tube, in separate bubbles, and 
escaped from the water collected in a small basin fixed on the 
topof that lube. During the evolution of the gas in this appa- 
ratus, which is a true representation of the course of a mineral 
spring, the water flowed without interruption out of the basin. 
Now, as, under these circumstances, where each bubble of gas 
entirely fllled up the channel, and, at the moment oi its escape, 
caused an interruption in the course of the water, there was no 
perceptible interruption in the flowing off, still less can such an 
interruption take place in nature, where the bubbles must cer- 
tainly very seldom fill up the channels through which they pass. 
* Foggenilorff's AnoaL vol. xxxii. p. 261. 
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If, UsUy, we Mippoee the carbonic add gas la be forced iola tbc 
omtrse uf the water under a gnmi hjrdioatatic pr c i fc iirp, H ohm 
be intntedialely absorbed, and muM, thetvfoiv, hwre sttll lett 
power to disturb, and will only diiengage ittetfagBiD br degren 
in higher regions, aa the hydrotlatic pressure gntdiuU/ d^ 
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Thus we see that the possibility of the creation of 
sprin;^ according to Von Duch's hypothecs, is by no i 
be denied- Whether ail such springs onginate in tbU 
may, however, be a matter of doubt. By far the greater psit 
only exceed the mean temperature of the neighbouring fresib-wa- 
ter springs hy one or a few degrees. The origin of tbeae can- 
not, therefore, beTery deep; and yet the aqueous vapours, which 
D)UBt nevessarily join them in their course, in order to effect aa 
increase in their temperature, since that caused by carbootc aciil 
gas alone is scarcely perceptible, must come from a great deptk 
la places where volcanic action slill exists, the appearance rf 
fumaroles (evolutions of atjueous vapour) on the surface fif the 
earth is very frequent ; as, for instance, Italy (viz. in Tuacany), 
in the Lipari Islands, and so on. But is any thing mmiUr |o 
the fumaroles to he met with in countries of extinct volcuuc 
action, in which most of the acidulous waters are found, Midl^ u 
the neighbourhood of the Laacher See, the volcanic £if(d, ^^ 
hernia, he. ? 

It might be objected, in order to ascribe the heat of acidulous 
springs to carbonic acid aione, that the results of my experU 
menls, made under tlie ordinary aimosphenc pressure, can be 
no criterion of the increase of temperature acquired by water in 
the interior of the earth, where a considerable hydrostatic pres- 
sure augments the absorption of the carbonic acid gas in a hig^ 
degree. It is true the increase of temperature of the water will 
begreatcr the morecarbonic acid gasit absorbs. But when watet} 
having absorbed five times its volume of carbonic acid gas id 
the interior of the earth, comes to the surface, it can at the ut- 
most retain but If its volume of free and half carbonic gas ; 
at least, that is the maximum I have found by many analyses 
of the richest carbonated springs. The heat which the water 
has acquired by the absorption of the carbonic acid, indepen- 
dently of the beat of the acid itself, must, therefore, re-escapc 
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as the spring rises to the surface, when the gas disengages itself 
again, and, as is so often the case with rich carbonated springs, 
issues forth in uninterrupted streams. 

The evolution of carbonic acid gas from acidulous springs, 
nhich is in some cases so enormous, might perhaps lead us to 
conjecture, that it for the most part proceeds from streams of 
gas, which come up from the interior without having yet been 
absorbed by water. But I have found, by measuring the quan- 
tity of carbonic acid gas and water yielded in a certain time by 
one of the richest carbonated springs, that the gas evolved, and 
tiiat which was absorbed by the witter, together, only made up 
5,3 times the volume of water. *^/ 

Supposing, then, that this gas came in contact with the water 
at a depth of only 170 feet, the hydrostatic pressure which would 
be there exerted, would be sufficient to cause the absorption of 6.3 
times the volume of the water. But this spring, bearing a tem- 
perature of 9° above the mean temperature of the place, cer- 
tainly rises from a much greater depth. The supposition, there- 
fore, that a great quantity of heated carbonic acid gas could 
assist in the elevation of the temperature of a spring, by passing 
through its channels, is proved to be unfounded. 

It appears from observations made on the Mofettas, which 
usually succeed great eruptions of Vesuvius, that carbonic acid 
gas evolved, according to Von Buch's hypothesis, cannot possibly 
have a temperature equal to that of carbonic acid gas disengaged 
from chalk submitted to a red-heat in a gun barrel. Thus Mon- 
ticelli and Covelli-f- found, that cavities filled with the mofettas, 
were only S^.HS warmer than those in which no mofettas existed. 
If, then, streams of carbonic acid gas, issuing forth so near their 
volcanic origin as these do, shew so low a degree of heat, it can- 
not be expected that such as rise in the neighbourhood of ex- 
tinct volcanic action should be irarmer. Nor have I observed 
a superior temperature in any which I have examined of the 
numerous exhalations of carbonic acid gas which occur in the 

■ Poggenil. Ann. vol. xsxii. p. 251. 

t Storia de Fenomeiii del Vesuvio, awenuti negii nnni 1821,1822. epiirte 
del 1S23, can obseivazioni e sperimenti di T. Monticelli e N. Covelll. Na- 
poli, 1823. Translated Into German by Nbggerath and Pauls. Elbetfeld. 
|18S4, p. 19X 
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vicinity of llie Laacher See nml in llie Kifel. I do i 
ever, conuder this as a sufficient proof, as, in tny opinion, 
these exhalations proceed Trom mineral springti situated bc4ov 
them.* 

If we assume that, from whatsoever cause, water in the inle- 
rior of the earth is h>«tcd to S\i°, and that carbonic acid gas 
of a temperature much above the bothng point be forced at 
the same time through it ; that water would not only not be- 
come more heated, but, on the contrary, would suffer a diminu- 
tion of its temperature, on account of the evaporation. Tfau 
may, perhaps, be one of the causes that so few of the known 
hoi springs reach the boiling point. 

I support this assertion upon several experiments whicb I 
made for that purpose. Thus, on driving air heated to the 
melting point of tin in such considerable quantities as a large 
double action bellows was capable of giving, for a whole hour, 
through about IS ounces of water 60°.12S, it only caused the 
temperature of the water to rise to 1 19°. 75. Indeed, when the 
water was surrounded by other water kept continually boiling, 
the passing of the heated air through it always caused a depres- 
sion, greater or less, of its temperature ; in one case ^m 194° 
to 158°. The Imiling of the surrounding water decreased in 
violence perceptibly when the heated air was let in to the water, 
and, on the other hand, increased, when the streams of hoi air 
was interrupted. 

To rII the objections already taken to the hypothesis that car^ 
bonic acid gas is the cause of the warming of acidulous springs, 
it may be added, that their temperature does not always exceed 
that of the fresh-water springs. In April 1833 I found the 
temperature of the acidulous waters of Meinberg, and of the 
carbonic acid which is disengaged from them in great quantities 
and with great violence, to be only 41°. 45. Among the obser- 
vations communicated in Chap. VI. on the temperature of these 
springs at different seasons, we find that their yearly mean dif- 
fers but little from that of the neighbouring fresh- water springs. 
The carbonic acid cannot, therefore, increase their temperature 
at all, although they contain 0,9 and 1,31 times their volume of 
* Poggend. Ann. voL xxxii. p. 211. 
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at gas.* Every thing speaks in favour of the supposition, 
that these acidulous waters are formed near the surface, where 
streams of water and carbonic acid gas come in contact with eacli 
other. 

Lastly, if we take into consideration that by far the greater 
part of the fresh-water springs of artesian wells, which seldom 
contain a larger proportion of carbonic acid than those of common 
wells, have, however, a temperature exceeding the mean tem- 
perature of the place in many cases by several degrees, wc find 
ourselves obliged to seek another cause for the elevated tempe- 
rature of such springs. I only bring forward, as an example, 
the above-mentioned warm-springs of Paderbom, whose tempe- 
rature is as high as 61°.^5, and which, however, only contain 
one-tenth of their volume of carbonic acid gas, whilst the neigh- 
bouring springs of Schmechten, Hester, Dribiirg, and Pyrmont, 
so rich in carbonic acid, only give 48°.S to 54° .5. In like man- 
ner, the temperature of the salt-springs of Westphalia falls be- 
tween 520.25, and GS^.S, although they are also very poor in car- 
bonic acid. 

Chap. IH, — Can the Healof Thermal Springs be the remiU of chemical 
procesies or of local eircumslances ? and can local circunutancef 
cause any modifications in the Temperature of thermal spring ? 

With regard to the former of these questions, two cases may 
be imagined : either that the heat of the springs is the result of 
chemical processes acting in ihe mineral waters tiiemselves, 
during their formation, and by which their mineral contents are 
produced, or, that chemical processes take place in the vicinity 
of the course of the mineral springs, by which their channels 
become heated from without. 

Respecting the first case, it is quite evident, that such a che- 
mical process cannot be the solution of salts already in exist- 
ence ; for then, on the contrary {with one exception only, 
namely, when anhydrous salts, which require much water of 
crystallization, come in contact with water), cold would be the 
result. Hut since salt-water springs are also thermal, and, in- 
* The Bait-spring at Schieder, on the other hand, Chough onlv three miles 

am Melnberg, und cantainitig only 0,37 volumes of carboniL' ncid gaa, is, 

trettheless, warmer than those rarbmated springs. 
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deed, warmer Uie more salt ihey conlnin (whicli ia coiuideicd 
a general rule by Bnluworkers), and as ii may be considered 
quite certain that tliey derive their witness imm deposits of rock- 
sail, a contradiction here presents itself, and we must conse- 
quently conclude, at least for salt-water springs, that they are 
not indebted to chemical processes of ihe first kind for their 
superior temperature. 

The greatest evolution of heat would lake place, if the ele- 
ments of the salts, contained in the mineral springs, entered into 
combination at the moment of the creation of those springs. In 
order to have an idea of the degree of heat which would be pro- 
duced in this case, I made the following experiments : — 

The Heilbronn, a mineral spring in o small valley of the 
Brohl, four miles distant from the lake of Laach, is, next to 
Bitin in Bohemia, the richest in carbonate of soda known to 
tne. It contains 0,0053 of fixed substances. Supposing that 
this spring were formed from anhydrous carbonate of soda, by 
the addition of concentrated sulphuric acid, muriatic acid, and 
water, then, according to my analysis, 77,4 parts anhydrous 
carbonate of soda, 5 parts concentrated sulphuric acid, 9S of 
smoking muriatic acid, and S3,687 parts of water would be 
required to compose a water, containing tbc same proportions of 
carbonate and sulphate of soda, and of chloride of sodium, as 
that spring. In accordance with this, therefore, I put 77,4 



grains of calcined carbonate of soda to S 
The temperature of the water v 

Before the orperiment. 

After, 



r grains of water. 



43'.7 



Increase of temperature, 0*.9 

To this solution of soda I added a mixture of 5 grains con- 
centrated sulphuric acid, and 92 grains smoking muriatic acid. 
The temperature of the two liquids was, — 

so'.oo 



IncresM of temperature, 0°.45 

Now, although such a chemical process as this, which is very 
improbable to take place in the interior of the earth, is the most 
favourable for the production of heat; still, it only caused an 
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increase of temperature of l^SS. Since, then, atmospheric 
water, under similar clrcuni stances, having the temperature of 
the place, would, by dissolving so much of the above-mentioned 
substances as to form one of the richest mineral springs of Ger- 
many, only acquire a temperature of 1°.35 higher than that of 
the neighbouring fresh-water springs, the increase of tempera- 
ture caused by this process in such mineral springs as frequent- 
ly only contain one-half to one-sixth as much of soluble ingre- 
dients as the Heilbronn, could not be perceptible. 

If we even admit the moat favourable case for an increase of 
tnperalure, but in rerum nalurd the most improbable case of 
all, viz., that sodium should come in contact with water con- 
taining the necessary quantities of sulphuric, muriatic, and car* 
bonic acid to form such a mineral water as the Heilbronn ; I 
• even then, only an inconsiderable elevation of temperature would j 
Eske place, as the following experiments verify :■ 

Fifteen grains of sodium were put into a goblet, and a small I 
glass funnel placed over it ; upon this were poured 1000 grains 
of water in which so much sulphuric and muriatic acid were 
mixed as would form such a mineral water as that of the Heil- 

ibronn. A violent explosioii, accompanied with a shower of fire. 
Was the consequence, and the glass broke. 
* The heat of the water was, — 
[i„ 
crease 



^nempt 

■lill, vi 
bon 

r; 



Increase of temperatiir 



; vessel, the in- 



, In a repetition of the experiment in a metallic 
[crease of temperature was 4.275. 

The increase of temperature, caused by the oxidation of the n 
alkaline metals by water, is, therefore, far from sufficient to ac- 
count, as Von Buch has attempted,* for the existence of hot 
springs. Neither is there more probability in Boussingault's 
hypothesisj-f- that the hot-springs which rise in the granite of the 
Littoral Corderillas may be the result of the action of water 
upon sulphuret of silicium, by which warm water, containing 



* Abhandlungea der E. Akad. der Wisseaschaften in Berlin a 
I, 181S, 1B19, p. 6S. 
[ t AnnaL de Chimie et de Phys. Fevrier, 1833, p. 189. 
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silica and sulphurctcd hydrogen, would Ik- [iroduced ; for lliosr 

springs contain very little of these Rubatances. 

The formation of mineral springs by the decompotfittoo of 
water by the alkaline metals, is, indeed, contradicted by the cir- 
cumstance that, in that case, streams of hydrogen gas must iMOC 
with the wati'r, wliich has not ad yet been observed in any spring 

There is qIhi another argument agdinsl the poaubility of any 
chemical process l)emg the cau^e of the heat of thermal springs, 
which is in some cases so very conHiderable, namely, that it is by 
DO means a general rule that those springs which contain the 
greatest quantity of fixed suhslanccB, are the hottest. Thu% 
for example, within the space of about one mile, in the vicinity 
of the Laaclicr See, are found the following mineral spiings, 
whose quantities of lixed coustituenis and temperatures confinn 
my BAsertion, at least for that neighbourhood. 

FIibI ComBtiumU. Tnnr«™W"»- 
Heilbronn, . . 0,0053 &2*.S35 

TiJnnisteiii, . . . O.OOS.'i &4 .050 

Fehlenljor, . . . 0,0010 57 .060 

Burgbroh], !. . . 0,0013 6U .100 

Burgbrolil. II, . 0,0008 63 .600 

Still less ia it the case with the alpine springs Gasteio and 
Finders, which contain less fixed and gaseous substances than 
common spring water, and are, consequently, little else than pure 
warm water ; not to mention the pure water springs and arte- 
sian wells, which are frequently warmer than neighbouring mi- 
neral springs containing fixed substances in great abundance. 

If there existed mineral springs consisting of a concentrated 
solution of sulphate of iron, a superior temperature would be 
more conceivable ; although even then the elevation coul hardly 
be perceptible, as the slow decomposition of the magnetic pyrites 
in the copperas manufactories proves. 

Against the second case, namely, that chemical processes take 
place in the vicinity of the course of mineral waters, by which 
the sides of the hollows and clefts through which they flow be- 
come heated from without, several objections may be made. In 
the first place, traces of such chemical processes would surely 
be visible, if the seat of their action were in communication, by 
means of the clefts, with the surface. But in that casej^Ao 
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meteoric waters would also have free access to that place, and 
would either increase, diminish, or entirely extinguish the che- 
mical action ; or would somewhere reappear charged with sub- 
stances which had taken a part in the pnicess. Of this, how- 
ever, experience furnishes no examples. Secondly, if we sup- 
pose the process to be an oxidation, the free admission of the 
oxygen of the air would be necessary. But then the atmo- 
spheric waters would also have access, since such a process can- 
not be conceived without a communication with the atmosphere, 
and nitrogen gas would be evolved in much greater quantities 
than are found here and there sparingly emitted from some few 
mineral springs. 

Thirdly, if this oxidation be supposed to lake place at the 
expense of water, hydrogen gas must be evolved, which is also 
contrary to experience. Such an explanation of the heat of 
mineral springs necessarily presupposes a structure in the inte- 
rior of the earth of quite a peculiar nature, viz., one cavity in- 
closed within another, and one to which nothing analogous has 
been found in the working of mines ; the theory must, there- 
fore, be considered as untenable. 

It must, however, not remain unmentioned, that subterrane- 
ous fire may, in solitary instances, give rise to warm springs. 
Examples of this have occurred in the Planitzer Adil, near 
Zwickau, and at Huldenstaedt near Eialeben in Thuringia.* 

Lastly, it must also be taken into consideration, that former- 
ly, when only the few commonly called hot-springs, such as 
Carlsbad, Aachen, &c. engaged the attention of philosophers, 
the explanation of this phenomenon could only be sought in 
local causes. Bether's hypotheses with respect to Carlsbad, 
that water containing common salt flows over a depot of burn- 
ing iron-pyrites, or Klaproth's supposition that the water is 
heated by a considerable bed of coal, set on fire by iron-pyrites, 
were, therefore, for the moment considered satisfactory. Inde- 
pendently of the well-grounded objections of Von Buch and Ber- 
zelius to these hypothesis, there would still remain much for us 
to account for, even if we had very satisfactory explanations of 
those properly called hot-springs. For as the rising of tliermfd 

• Kiihn Handbuch der Geognosie, vol. i. 279. 
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springs is a phenomenon of very general occurrence, which maj 
be traced through all fonnatJons, from the very youngest of the 
stratified to the very oldest rock^i, the chemical processes which 
cause the heat of these waters must he et^ually universal. Or 
is it, perhaps, less difficult to account for the heal of o spring 
whose temperature only exceeds the mean temperature of the 
place by a few degrees, than to find an explanation for the crea> 
tion of those commonly called hot apringa ? 

Anglada* adds another argument of no small weight against 
the explanation of the heat of thermal springs by any cJietnical 
process, namely, that it would be difficult to conceive how such 
a process should continue in action fur so long a time, and with 
such uniformity as would be necessary to explain the uninter- 
rupted course of the springs, iheir uniform productiveness, and 
their unvarying temperature and composition. 

Since, then, we are obliged to admit that the conditions ne- 
cessary for ihe production of warm springs must exist in all 
parts of (he earth, we find ourselves imperceptibly led to the 
hypothesis of a superior temperature in the interior of the earth. 

Laplace already endeavoured to account for the heat of 
thermal springs, and their uniformity within the memory of 
man, by this internal heal of the earth. -f- Subsequently, it has 
been shewn by Arago,J: that the temperature of artedan wells 
is higher the deeper they spring; and he has brought this for- 
ward as a proof, (hat the temperature of the strata of the earth 
increases conslandy with the depth. Anglada, || who is also led 
to this hypothesis, thinks, that if the heat of mineral waters were 
only caused by the increase of temperature towards the centre 
of the earth, it would be contradicted by our not meeting every 

• M^moire pour servir d I'nistoire, &c. vol. i. p. 15. 

+ AnnaL de Chim. et de Phys. voL siii. p- 415 — This philosopher sbjfb, 
" Si I'on con^oit, que les eaux pluviales, en pt<ii^trBDC dang I'lnterieur d'un 
plateau ^k've, rencontrent, dana leur mouvemmt, une cavit^ de troia mille m^ 
trea de profondeur, elles la renipUront d'ubordt enauite, acqu^rsnt i cettc 
prorondeur, une cbaleur de 100° au mnins, et dcTenue:, par 1&, plus l^g^rm^ 
elies sMl&veront, et eeronl remplac^ea par les eaux aupi^rieurea, en aorte, 
qu'il s'^tablira deux courana li'eau, I'un montont, I'autre descendant, perpe- 
tuellement entretenus par la chaleur interieure de la lerre. Cea eaux en aox- 
tant de la parlie inferieure du plateau auront ^Tidemment une chaleur bien 
Bup^rieure ii celle de I'sil au point de leuT aortie.'' 

X Annal. de Chim. et de Phya. vol xxix. p. 317- II P- 17- 
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where wilh the effect of a cause supposed every where to exist ; 
as thermal springs are in some places very abundant, whilst in 
others they are totally wanting. 

It is evident that Anglada only took those commonly called 
hot springs into consideration. But since thermal springs are 
so universally distributed over the earth, that which he opposes 
to our hypothesis, argues, on the contrary, in its favour. 

Perhaps, he says, the phenomenon of thermal springs may be 
best accounted for by the action of electromoters (electra-mo- 
teurs), existing in the interior of the earth. Many German 
philosopliers are also known to have inclined formerly to this 
hypothesis ; but the greater part, at least those whose object is 
not merely speculation hut research, have now abandoned it.* 
It may, however, perhaps, not be quile superfluous briefly to 
examine the grounds which Anglada, a philosopher to whom we 
are indebted for so many and such profound researches on mi- 
neral waters, brings forward in support of such an hypothesis. 

According to him, there are many appearances on the surface 
of the earth which indicate the existence of electromoters. As, 
for instance, the Heideberg in the Fichtel-Gebirge, which Voa 
Humboldt discovered in the year 1796 to be polar magnetic.t 
But by more recent inquiries, I have endeavoured to shew that 
that polarity is only a consequence of the magnetic pyrites con- 
tained in the roek-J If, as Anglada supposes, there exists an 
eieciromotric power corresponding with the magnetic polarity, 
and if the former is the cause of the heat of thermal waters, 
then springs rising in the vicinity of lodes or beds of magnetic 
iron-ore (osydulated iron) must always have an elevated tern-, 
perature. But this is by no means the case ; for example, in 
Sweden, Siegcn, and the Duchy of Westphalia, where consider- 
able lodes and beds of that mineral are found, 

Anglada is of opinion, that although the constant running and 
the uniform temperature of warm springs agree very well with 

* See Biscbof, die VuJtanischen MineralqueUen, &c. p. 321 luid following. 
Perhaps I have the merit of having assisted In the downMl ot this siagular 
hypotheaiB. 

+ See Gren'8 Neuea Joum. vol. iv. part 1, p. 136 ; and Too Humboldt's 
Bubaequent remarka in the Annal. de Chim. et de Phys. vol. ixv. p. 337, 

X GoldfUsB and Biscliof Phyaikal-Statische Beschreibung des Flchtelge- 
bilges, 1B17, part I. p. ID3. and following. 
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tlio opinion that they owe iht'ir heat to that of (he interior of the 
earth, it would still be inipoBsiblc to account by that meons for 
tlie acciJental variatiuus which tlic Ivmjwraturrs of springs suT- 
Fcr. And he maintains that his hypothesis is satisfaclofy io thii 
respect, the more particularly as eucli altorotiuns generally take 
place during earthquakes, oiid therefore prove themselves de- 
pendent upon those great electrical phenomena (?). 

These objections arc easily set aside- If alteratiiHis of ibe 
temperature and chemical composition of springs generally hap- 
pen during earthquakes, they may be causetl by the opening or 
closing of fissures, by which the waters come into contact with 
other substances, or by their coming from a greater depib, bring 
with them the loose contents of the clefts in the rocks. If the 
fissures open further, the atmospheric waters will sink deeper, 
and become more healed ; if they close, the contrary will tske 
place. According to Dr Ambrozzi,* the warm waters of Tep- 
litz flow more copiously since the earthquake which destroyed 
Lisbon on the lai November 1755, than before; during the 
earthquake they become muddy, flowed one hour and a half 
of a dark yellow colour, and towards mid-day entirely disap- 
peared during six or seven minutes, then suddenly gushed ibrth 
again, and for half an hour continued to emit a thick ycllowi^ 
red water, in such quantities that the baths were overflowed ; 
whereas the medicinal springs of the villageofSochnau, of Carls- 
bad, and all others, with the exception of some in Morocco, Re- 
mained unaltered. 

An alteration of temperature and chemical composition hof 
often been observed in springs which rise in the vicinity of ao 
tive volcanos. 'I'hus, according to Dolomieu,-f- the spring of 
Macaluba, which in the year 1781 emitted atmospheric air 
and carbonic acid gas, only yielded n kind of inflammable gas in 
the year 1765. Other examples of alterations taking place in the 
temperature of springs situated near active volcanos will be 
given afterwards. On the other hand, springs rising in the 
neighbourhood of extinct volcanos shew a great unifomutjr 

* Physikalisch-Cheaiuclie Untersuchuuf; der Wumen MinenlqaeUen zu 
and bey Teplitz. Leijizlg. I797. 
t Sur lea Jsleg Poncts, |i. 388. 
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of temperature and chemi(:al composition during long periods of 

The same effects which earthquakes are capable of causing in 
springs, will also be produced by active volcanos, fur volcanic 
action is always accompanied by earthquakes. Besides, by the 
rising of the melting lava, the upper strata of the earth become 
heated, and thus it may happen that springs rising in a volcanic 
soil, although from an inconsiderable depth, may, as Anglada 
himself remarks, be warmer than others which do not rise in 
volcanic districts. ■ 

All such variations may, therefore, take place without injury j 
to the hypothesis, that the superior temperature of the interior 
of the earth progressively increasing with the depth, is the prin- 
cipal cause of the heat of thermal springs. It is. therefore, un- 
necessary to seek refuge with Anglada in such an improbable 
subterranean electrical process. | 

It still remains to be ascertained whether a gradual alteration | 
of the temperature of springs, in places where there are neither 
traces of former nor of present volcanic action, and where earth- 
quakes are not frequently felt, can be conceived possible. With 
respect to the phenomenon itself, it is difficult to determine whe- 
ther it exists or not ; for all depends upon the thermometers, | 
which, so constructed as to serve for a comparison of observa- ' 
tions on the temperature of springs, have only been in existence 
for about one century. But it is well known that even until a 
much later date, exactly corresponding thermometers were con- 
sidered great rarilies ; and it is not long since attention has 
been drawn to several circumstances, upon which the accuracy 
of these in^itruments depends. It is true that considerable dif- 
ferences of temperature may be observed in springs even with 
inaccurate thermometers ; but if they proceed by degrees, and 
are not perceptible until a long period has elapsed, the most 
perfect apparatus is necessary for their detection. Accord- 
ing to the observations of Carrere in 1754, and those of An- 
glada in 1818 and 1819,* the temperature of ten thermal springs 
in the East Pyrenees, has decreased 1°.] 25 to GO". 75 during that 
period, and the decrease was found to be greater the higher the 
original temperature of the springs. 

* Anglada, p. 63. 
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Bi'sides llic accidental causes wliicli may lower ihc tempera- 
ture of thcnnul springs, 8ucli, for inatmice, as mcetii^ vith cold- 
er Waters, there seeniB to be anotlier very important one, tis^ 
that mineral Rprings frcqui'nlly iill up their own course bjra 
partial precipitation of their congtituents. If iuch a precipil»- 
lion takes place in the lowest part of the spring's course, and ad- 
vances gradually higher and higher, the consequence natunUv 
must be, that the meteoric waters, no longer able to sink down 
to so great a depth, by degrees becomes less and less heated. Tbe 
deposit from the Carlsbad springs may here be cited as an ex- 
ample ; although in this case ihc deposit is only observed on the 
surface, and the cause of its precipitation above cannot »3 eanly 
exist below. The enormous deposits of travertin are well known. 
In that occasioned by the hot springs of San Filippo, fissures of 
30 feet deep and 150 to 200 feet long are observed. A particu- 
larly important and direct proof is the calcareous deposit in the 
Roman aqueduct between Cologne and Treves. It has been de- 
posited since the time of the Romans, from several fresh-water 
springs, and is seven or eight inches thick in some places, so 
that it has been used for columns of churches. 

I have elsewhere" called attention to the veins of brown iron- 
stone in the trass of the Brohlthal, which may often be traced 
to a great distance on the bare walls of ravines and quarries in 
that rock, and which certainly owe their existence to no otho- 
cause, than that ferruginous waters, of which there are still a 
great many in existence in that district, formerly flowed in those 
cracks, and by degrees deposited hydrate of iron, thereby SUing 
up their own course. Such fillings up with hydrate of iron are 
also found in the grcywaeke, in basalt, in trachyte,+ and other 
rocks. Inferring from the deposits of spherosiderite from mi- 
neral springs actually observed, I have endeavoured to shew that 
veins of carbonate of iron and brown ironstone may also often 
be the sediment of mineral springs. 

I have already proved J that when springs contain any suU 

• Schweigger-Seidels n. Jahrb. der Chemie und Phya. vol. viii. p. 431. 

t Vues et coupes des prlodpaui formations g^ologiquea Am D^p. du Puj- 
ne-Dflme, Ac, par Lecoq el Bouillet, Clermont Femuid, IB30, 8me. llvrai- 
3on, p. 223. 

t A. O. ''ol. iv, |), 3H6, See also IjDiigchani|i in the Aiinds, de Chim. et 
rie Phvs. vol. iiiii, p. 204. 
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pbatea, together with iron and an organic substance, iron-pyrites 
is very easily formed, and in this manner tliey may fill up their 
subterranean channel. This may also happen when two diffe- 
rent mineral springs meet in one cleft, one of which contains car- 
bonate of protoxide of iron, and the other a sulphate and an or- 
ganic substance. And nothing is more common in mineral 
iiprings than these substances. In general, many cases may be 
imagined, in which the confluence of mineral springs compost 
of different ingredients, might occasion such sediments as would 
by degrees fill up their pa&sage. For example, if springs con- 
taining earthy salts should meet with others containing alkahne 
carbonates ; or if waters rich in silica * should meet with organic 
substances, whether in solution, or in the solid state by which^ | 
as I have shewn, siliceous concretions would be formed. 

In the above-mentioned sulphurous springs of the East Pyre- 
nees, iron-pyrites and earthy carbonates might easily be formed at 
the expense of their sulpburet of sodium and their alkaline carbo- 
nates, by their meeting with other springs containing salts of iron 
and earths, and thus the channels of these springs becoming gra- 
dually filled from the bottom, the waters would by degrees be 
enabled to sink less and less deep into the earth, -f- 

Lastly, an obstruction in the course of the springs niay be od'' 
casiuned partly by chemical and partly by mechanical means, 
have pointed out J several appearances which make it seem very 
I'probable, that ferruginous waters act as a cement upon loose 
I stony materials, namely, upon sand, and may thus give rise to 
the formation of stony concretions- There is no doubt that wa- 
ters containing much silica occasion siliceous concretions, such as 
are found very characteristic in the sandstone belonging to the 
lignite (braunkohl) formation, and also in other positions. And • 
surely concretions of this kind may also easily be formed in the 

* In the great Geyser, the deposits of silica have accumulated in a crack to 
the tbickneas of 12 feet. 

+ Supposing the increase of temperature in plains and in enclosed valleys 
to amount to 2J° in IIS feet, it la easy to ]]en>cive, that if the lower parts of 
a spring's course be very narrow, and the spring be rich in any sulialance easy 
to he precipitated from it, no great length of time will he required to e£%ct 
aperceplible decrease of temperature. 

J Schweigger-Seidels n. Jahrb, der Chemie & Phys. vol viii p. 437. 
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chiinneN of springs IVcim aaacl and stones mechnnically torn offot 
borae along by the stream. Since hoi aprings and aqueous va- 
pour are able t» act vtry powerfully cv^n upon hard rock^ 
such, for iiisiuiice as marble, and thus to acquire quite a 
muddy conMstt-nce, as I have observed in the Kaiscrbad at AJX- 
la-Chapelle, and in the liaths nt Burtiiclieid ; the chanoeU of 
springs may also iii this manner become stopped up, espetadlr 
if the spring hove a cementing property. 

Anglada supposes that the loss of heat, occasioned \a tbeiiw 
ncr strata of the earth, by warm springs, is not restored hy the 
power of conducting heat of the materials composing the interior 
of the earth ; and ihat the strata must conae(]uently suffer a gra- 
dual diminution of temperature throughout the sphere of action 
of those cooling agents. 

A gradual diminution of the internal temperature of tbe 
earth, caused by the loss of the heat carried off by thermal 
springs, cannot be doubted, so long as that loss is not repaired 
by any means. But whether that diminution has become per- 
ceptible within historical times or not, is another cjuestion. 

The various degrees of temperature with which atmospheric 
waters sink into the earth at different seasons of the year, 
are already equalized in the uppermost strata of the earth's 
crust ; for springs which rise from a moderate depth shew but a 
trifling variation of temperature throughout the year, and that 
of thermal waters is, in general, quite constant. The heat 
carried by the pluvial waters into the earth, is, therefore, lost, 
in the almost inexhaustible provision of the earth's internal heat. 
The waters having soaked through tlie earth's exterior crust 
reach the strata, where the increase of temperature begins, with 
a constant or nearly constant temperature. At this limit the 
difference between the temperature of the channels and that 
of the waters can, tlierefore, only be infinitely small ; and as the 
waters, by sinking through strata always increasing in tempera- 
ture, become gradually warmer, it may be assumed that the dif. 
ference is infinitely small in every point of their course. That 
difference can only be perceptible when the waters do not filter 
through the strata finely divided, but flow in considerable 
streams. Bui the smaller the difference between the tempera- 
ture of the waters and that of the channels through which they 
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flow, ihe less considerable will be tlie loss occasioned by ihe waters 
in the temperature of the strata. But, even supposing that by 
degrees a considerable local depression of temperature should 
take place in the channels of the springs, or, in other words 
that ill them the increase of temperalure towards the centre of 
the earth should have become less rapid ; then ihe heat in their 
environs would be conveyed to them the more quickly, because 
the rapidity with which heat is transmitted from one body lo 
another, increases in proportion to the difference between the 
temperatures of the two bodies. In no case, then, is it conceiv- 
able that a local cooling of ihc earth should be continually in 
progress, as Anglada is inclined to assume; so that a gradual 
diminution of the heat of thermal springs can only be imagined 
in the case of a general cooling of the interior of the earth. But 
wnce the existence of thermometers, and since observations have 
been made on the temperature of springs, this general cooling 
has certainly not taken place in a perceptible degree. An ac^ 
tual diminution in the temperature of thermal springs, if no 
longer doubted, can therefore only proceed from the causes 
above enumerated. 

Chap. IV, — Can Spring* convey Heat from ihe Interior o^ the 
Earth to the Surface 9 

The universal occurrence of warm springs is alone sufficient 
to answer this question. But, independently of that, the possi- 
bihty ofspringspursuinga very long subterranean course, where- 
ever their temperature may have been obtained, without suffer- 
ing any considerable change, may also be indirectly shewn. 

The coldest springs of the temperate zones rise in the vicinity 
of the glaciers, and on the limits of perpetual snow. Professor 
Ennemoser, at my request, determined the temperature of thir. 
teen fresh-water springs near the glaciers, and on the limits of 
the snowy regions of the Tyrolese Alps, in the summer of 1833, 
and found them to vary from 36°.50 to 43°.2. 

On the aath August 1835, I found the temperature of four 
fresh-water springs, at the foot of the Gandecke, or Morene, 
of the upper glacier near Grindelwald, in Switzerland, 3684 
feet above the level of the sea, to fall between ST-W and 
38°.07fi ; and, on the 3d of September, I found the tempera- 
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ture of 6fty-one fresli-water springs an ihc SpUal-Matle, 1m<- 
twecD Eandersiag and the Gemmi, 5887 feel above the sea, 
from 3r.85 to 40^.10. 

According to former obervaiions of Walilenberg and Von 
Buch, ' thi; springs on St Gotliard, 8587 feet above the sea, 
have a temperature of 37°.4 ; and, according to Stampfer and 
ThurwicBcr -f, one of the last springs, surrounded with vegeta- 
tion, on the way to the Groasglockner, 6660 feet above the 
sea, in the vicinity of the glaciers has a temperature of 38°.076. 
Thus we find the lowest temperature till now observed, near tbe 
limits of perpetual snow, to be in summer 36°.5. 

There is no doubl that many springs sink down from the 
snowy regions, through fissures in t!ie rocks, and do not return 
to the surface until they have reached much lower levels; and 
since they are capable of maintaining their low temperature not- 
withstanding the higher temperature of the strata through which 
tbey have passed, it is evident that springs must be met with 
far below the limits of perpetual snow, bearing a temperature 
nearly the same as that of the springs rising near those limits. 

In the Etschthal, above Partschins, near Meran, about 3000 
feet above the sea, on the steep southern declivity of the moun- 
tain, Ennemoser found a very considerable spring rising in three 
places (the Oberhauser springs) to have a temperature of 41*. 
According to the observations of an apothecary in Meran, this 
temperature is constant throughout the year. The springs in 
the Etschthal itself, 1000 to IgOO feet above the sea, he found 
to have 50° to 54J°. It certainly cannot be supposed that, 1800 
to 2000 feet above a country where figs and other southern 
fruits ripen, the temperature of the soil should be only 41% 
nor that such a considerable difl^erence of temperature could be 
attributed to so small a difference of elevation ; but it seems ra- 
ther that the spring near Meran derives its low temperature 
from its having descended from the neighbouring mountains.! 
This is the more probable, as other springs in the neighbourhood 
of this one, and at an equal elevation, have 45°.5 to 47''.76. 

• D'Aubuiaaon, Traitd dc Gi5c^oflie, vol. i. p. 427- 

■f- Johrbucber des K. K. Palytechnisen Inatituts in Wien. vol- vU. p. 2. 

X See Kupffcr in Poggeadorff's Annalun, vol. sv. p, 166. 
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Now, supposing that this spring originally had the temperati 
of springs on the limits of perpetual snow, it would, after a sub- 
terraneous course of 5200 feel, only have suffered an increase 
of temperature of about 3°. 15. 

In Passeyr, 5000 lo 60O0 feet ^txive the sea, the fresh-water 
springs, according to Ennemoser's various observations, have a 
temperature of 41° to 4flj°. However he found great variations 
here also. For instance, near Hittermiihie, at an elevation of 
fiOOO feet, rises a copious spring of 40°. 1, whilst others 600 to 
800 feet higher gave 42°.125 to 45°.5. At Hitte, behind Platte, 
there is a celebrated spring at an elevation of 4000 feet, which 
shews 41°, and the Groldbrunnen only S8°.75, whilst other neigh- 
bouring springs shew 43^° to 471°. On mountains of 7000 and 
8000 feet, the springs have a temperature of 381° lo 41°, with 
but few exceptions. 

In several places in Switzerland I found springs, the tempe- 
ratures of which were also much lower than might have been 
expected from the surrounding vegetation. Thus the tempera- 
ture of four springs at the foot of the Great Eiger, near Grin- 
delwald, which rises almost 9000 feet perpendicularly, was only 
43|-. 

Von Buch* found a spring near Neufchalel, in the Creux-du- 
vent, 2073 feet above the Lake of Neufchatel, and 3337 feet 
above the level of the sea, the temperature of which was 40°.437, 
whilst others nearly on the level of the lake, observed in difie- 
rent seasons and under different circumstances, gave 50° to 50°.4€ 
He also found-f- that the temperature of the springs on Teneriffe 
shewed no great variations up to 4000 feel above sea, and that, 
in hke manner, the temperature of the springs on the nothern 
declivity of the Gran Canaria is 62° .375, up to 9000 feet above 
the sea. This can certainly not be accounted for in any other 
way than by supposing that they derive their low temperature 
from high mountains from which ihey had descended, and that, 
in their quick subterranean course, they have preserved an equal 
temperature at heights differing often by several thousand feet. 

Daltont observed the temperature of a copious spring on 

* Gilbert's Annalen, vol xxiv. p. 50. 

■f- Pt^endorff'a Aaoolen, vol. xii. p. 413, 

^ MeteorologicBl EsaajiB, or Gilbert's Annal. vat xxiv. p. 50. 
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Mount Ilclvcllyn, ntar Knukl, 2700 foci above the «&, ad 
SOS fcfft below ihr Miinmit of thi- mouDUio. txa the STTUi Ao- 
gusr, lo be SK*. Sii low a (cmpcrature for b sprinj; riunga 
■uch a modcrnte ck-vation, in the north uf England, is Mia>e«lal 
remarkable. 

Von Humlmldt* likewise mentions Reveral springs in tbt 
mouDiains of Cumana and Caraccait, whose lemperaiure is madi 
lower than might be expected from their elevation. Huntn'i 
well-known observations on the lempcrature of springs in Ja- 
maica, aflbrd examples of similar appearances, ilumboldl al- 
ready observt^ that one of lliose springs, rising at ■ height of 
3918 feet above the sea, probably derives its very low lenipen- 
ture from the peak which rises to 6966 feet. 

That even waters flowing on the surface of the earth, and 
bearing a temperature very different from that of the almosphen, 
change their temperature but very slowly, is particularlyr eridetll 
from the brooks which issue from the glaciers, and which fit* 
quently, after a long-continued course, sufier a scarcely percep- 
tible increase of temperature. On the western declivity of the 
Teutoburger Wald, where such copiousspringsoccur that they 
immediately form considerable rivers, I also found that one of 
these rivers, after a course of half a mile, had only become 
0°.675 warmer, although the temperature of the air was S80.S 
higher than that of the water. 

All these observations shew that springs which descend from 
great heights bring down cold with them, and, indeed, the moK 
copious they are, the quicker their subterranean course, the 
steeper the mountains, or the nearer their channels approach tlie 
vertical position, and the less they are adulterated on their wgy 
with waters of a difl^'brcnt temperature, the greater is the degree 
of cold which accompanies ihem. From which it follows, con- 
verieiy, that epring)^ which rise from below, out of various strata 
of the earth, will bring heat with tliem, and in a great degsee 
the more the above conditions are fulfilled. 

The more the temperature of springs surpasses that of the 
strata through which they pass, the more they will lose of their 
temperature. Boiling springs seem only to reach the surface, 
■ Gilbert's AnD&i. vol. iiiv. ]). IS. 
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where volcanic fire also slicws itself, as, for example, in Iceland,* 
on the Lipari Islands,-|- and Las Trincheras near Puerto Cab eSIo, ] 
in the Cordeiillas.J But some springs would certainly reach the 
surface witli a higher temperature, did the^ not meet on their way 
with colder ones; and springs running in narrow channels must j 
cool more rapidly than in larger ones. I 

Chap. V. — The Temperature of Spring* being a function of that I 
of the Meteoric IVatera, and of the strata of the earth thivugh wAteA J 
they flow, it ie required to determine whether the yariatiom of i 
the Temperatwe of the Meteoric Walere also thew themtelMi in I 
Thermal Springt. I 

Springs which only pass through those strata which parlicj- I 
pate in the variations of the external temperature, must them- ' 
selves have a variable temperature. The table at the end of the 
next chapter, which contains my own observations on the tem- 
perature of springs, as well as all those of others which have 
come lo my knowledge, affords many examples of such variable 
springs. 

As in our latitude the yearly mean temperature, of the air oc- 
curs about April and October, its maximum in .Tuly, and its 
minimum in January, it will be seen by the Table, that the 
variations of temperature of some few springs keep an equal 
pace with those of the air. In most cases they follow one, two, 
or even three months later.§ This depends on the depths below 
the surface in which the course of those springs lie, the quantity 
of water they yield, and the power of conducting heat pos- 
sessed by the soil. The deeper springs flow, the less abundant 
their waters; and the less degree of conductibility of heat of the 
soil, the later will the seasons of their temperature follow these 
of the air. The differences between the annual maximum and 
Diinimum temperature of springs are, in general, greater the 

■ Gilbert's AnnaUn, vol. xliii. p. £i, 

f Foggendorfi's Annal. vol xxvL p, 67. 

X Annciles de Chimie et Phys. voL Ui. p. 181, 

) In the Journ. &e Piiys. voL IsviiL p. 231, it is asserted tbat tbe mmimuni 
temperature of springs boppeos at the time of the maximum temperature of 
the air, and vice verin ,■ for a thermometer, which was suspended in u well of 
34 feet deep at Geneva front 179G to 1805, gave a maximum of 54,275 in 
Deceml>er lfl04, and a minimum of 48°.425 in June 179S. 
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nearer their variations of tentperaiurt; cutncitie with™ 
air, and conversely. The Table shews these differenees to be 
greate&t, when the maximum lempiTature of the springs uccurt 
in July or August, and the minimum in January and Februarv- 
In the Table we find that the difference between maximum 
and mininium most frequently does not amount to S°.{i5, and 
that differences exceeding ll^SS are of rare occurrence. The 
greatest difference is 20°.25, with the exception of tlie springs of 
Stuttgart and Tubingen. As the temperature of these springi 
was observed at the outlet of long aqueducts running at a very 
small depth beneath the surface, it is evident that the tempers, 
ture of the air must have had some effect upon it. So that, in 
this respect, the differences of temperature of those springs can- 
not serve for a comparison. 

A singular relation is observed to exist with regard to the 
annual variations of temperature of the salt springs of Weri. 
They correspond almost exactly with the variations of tempers. 
lure of the air ; and yet the springs are undoubtedly thermal- 
If these were produced in the same manner as the very cofMOUS 
springs of the Jordan, Lippe, Pader, Heder, and so forth, whicti 
rise on the western declivity of the Teutoburger Wald and the 
Haar, it would be easy to conceive that their variations of tem- 
perature should correspond with those of the air ; for those 
springs are, in fact, rivers, which having sunk from higher re- 
gions into the numerous clefts in the chalk rocks, pursue a sub- 
terraneous course, and reappear at a much lower level. Such 
considerable bodies of water, in sinking to a depth where the ia- 
crease of temperature towards the centre of the earth is percep- 
tible, do not entirely lose the temperature which they had ac- 
quired whilst running on the surface; so that, notwithstanding 
thdr appearance as thermal springs, the variations of the ex- 
ternal temperature still shew themselves in them.* 

' Between the variations of temperature and of the contpnta of salt of thoe 
aprlngs no relation can be found. Their mean temperature in 1S33 m* 
higher than in 1832 ; whilst, on the other hand, the qunntit/ of aatt eonl^. 
ed in them was much smaller. Besides, the maximum of salt contained In 
them feila constantly in Maj, whilst the minimum hai no determined period. 
This circumstance indicates a very peculiar, or, I would say, s complicated 
combination of the auliterranean channels at Wcrl ; as does atsa the tact, that 
different borings in that neighbourhood, often situated very near to eadi 
other, yield someiimEs strong salt waters, and sometimes springs of fir«th 
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These salt springs prove, lliereibrc, ihat uveii thermal springs 
can participate in the variations of the t-xteinal tumjitTaLiire. 
The difierences between maximum and mioimuni ari; found, 
however, to diminish, as the mean temperature increaseB. But 
for this very reason it is improbable that springs originating in 
the superficial strata, in which the variations of the external tem- 
perature are still felt, should shew a constant degree of heat. 
Springs of constant temperature must, therefore, always be con- 
sidered as ihermul. The difference between the temperature of 
the coldest of the constant or nearly constant springs, and the 
mean temperature of the neighbouring variable springs, is not 
the same for all places. According to the table, these differences 
are, for the neighbourhood of Berlin 0°.675 ; in Sweden hardly 
Si" ; near Burgbrohl, about 2^ miles from Bonn, they rather ex- 
ceed 4^"^ and the warmest of the salt springs of Werl, which 
surpasses the probable temperature of the coldest of the neigh- 
bouring springs by 6°.075, is not yet constant, but shews a year- 
ly variation of temperature of 4^°.* 

It may be that the extent of these differences of temperature 
at a certain place, depends, in some measure, on its geographical 
latitude, as, according to Chap. VIII, the depth to which the 
external temperature continues to be felt, is greater in higher 
than in low latitudes, the annual variations of temperature of the 
Mr being also greater there than here. But the less considerable 
these variuions are, the less are also the yearly variations of tem- ] 
perature of the waters which filler into the earth, and the more 
eaaly will they, after a short percolation of the earth's crust, 
pve rise to springs of a constant temperature. The influence 
of latitude upon t e scale of the annual variations of tempera- 
tare must, however, certainly be very much modified by other 
circumstances, — namely, the elevation above the surface of the 
sea at which the springs rise, the filtering of the atmospheric 
waters in more or less considerable streams through the earth, 
and the degree of conductibility of heat of the soil. The cxteot 

■ FcotQ a comparison of the obwrvationB on the temperature of a spring in i 
a veil sunk In T.onilon which nas coDatant, and indicated dS'.oe, witb tlu 
mcMi leraperature of Ihat capital, the difference appcirs to be for that laci. I 
it7 3°.6 lo ii" — Annales Uu Chim. et de Pbvj,, vol. xxi. |). Slfi. 
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thermal springs — as wc hove xvn in the forcgorng chapteF--of 
variable icnijicraliirc, it cannot be expected that ooe of the cotd- 
e^t thould have a con§tant temperature. It may, therefore, be 
assumed with safety, that the mean temperaiiire of a place K 
always below that of a ftpring whose temperature is constant at 
rfifTercnt u-asona of the year. 

At the first view, it would seem that deep wells were partica- 
larly suitable for detomiinint; the temperature of the soU. Many 
ubjections may, however, be called to mind against this. Von 
Biicb remarks, that only such wells are proper for this purpose 
as are in constant use, by which their waters are kept continually 
in circulation ; but not such as remain undisturbed, for in them 
the cold air sinks down from the atmosphere, and cools tbdr 
walls below to a greater extent than the propagation of heat 
would allow. Farther, it must Ix^ presupposed that such wells 
are only supplied by waters filtered through the superficial 
strata of the earth, and that they are so far distant from any 
mountains of importance, lliac it can no longer be considered 
{Mssiblc for waters to filter down into them from higher and 
colder regions. But it must also be supposed tliat they do not 
receive any tribute from warmer springs rising from a greater 
depth, If, in sinking a well, a stratum be met with which is 
impetvious to water, and which has no where been broken 
through, one may lje tolerably certain that the latter case has 
been avoided. A commimieatioo with clefts, by which they 
might be supplied with waters from below, in the manner of 
arteslkn wells, is most to be apprehended when a well is cut in 
the solid rock. Deep wells, which communicate with neighbour- 
ing deep rivers, are very likely to hold thermal waters, especial- 
ly if there be any rising ground between the springs and the 
HTer, although it be but a few hundred feet above the bottom 
of the valley. Thus the temperature of a well of fifty-eight feet 
under my laboratory, which is in connexion with (he Rhine, is 
almost constant, and is about 1°.36 higher that the mean tem- 
perature of the soil here. This spring is consequently thermal. 
The mean temperature of the soil cannot, therefore, be deduced 
with certainty from observations on the temperature of wells. 
An approximate result can only be obtained by extending the 
observations to many different wells. 
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37 
elusions to Wahlenberg's obser- 
vations, it is easy to perceive tliat he lias determined the mean 
temperature of the soil at Upsata, at the Ynger See, at Umeo, 
Soderkiiping, and Carlscroiia, in all cases too high, because he 
deduced them from observations made either on constant warm 
(thermal) springs, or on variable springs in months in which 
they could not possibly have their mean temperature. Wc must 
therefore caL hi quesdon his conclusion, that the mean tempe- 
rature of the earth in the north is every where higher than the 
mean temperature of the air, and that the difference between 
them is greater the higher the latitude, or the colder the win- 



It was shewn in Chap. I. how universally thermal springs arc 
dispersed over the earth. In rocks which are very much dislo- 
cated, and in which the atmospheric waters descend to a consi- 
dentble depth, the number of thermal springs may probably sur- 
pass that of the cold ones ; indeed, perhaps, scarcely one will be 
found from which the mean temperature of the soil can be de- 
termined. I found this assertion upon numerous observations 
which I made in April 1833, and May 1834, upon the springs 
at the foot of the chalk rocks of the Teutoburger Wald,in strata 
which are very much Assured. In April 1833, I found among 
sixty-six running fresh-water springs, only three whose tempera- 
ture was below 471° ; all the rest varied from 471° *" ^°-^- I" 
May 1834, the temperature of those three springs had risen 3=.6. 
As, according to the table, no spring as yet observed, reaches 
its mean temperature earlier than April, and most springs not 
until June, and sometimes even July, the mean of those three 
springs canjiot fall below 47^°. If it falls above 47|° they may 
be considered as thermal, for the mean temperature of the air at 
that place cannot be much above 475°. Another circumstance 
in favour of this is, that, in May 1834, 1 found a fourth spring, 
near those three, the temperature of which was 47f ° or 3° .6 
colder than the coldest of the others. If this fourth spring ob- 
serves the same law in the variations of its temperature as the 
other three do, there is no longer any doubt that they are ther- 
mal. There can be no question whatever that the other aixty- 
||lfaree springs are thermal, 

Be»des those sixty-six fresli-water springs, I observed in May I 
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1834, a great numlwr more in thai neigiiboiirhwKl ; ( 

rtiilar grounds, I think that I am justified in eonaideriiig the 

majority of them as ihermal. 

Ill moiinlains which are Hplit to a great depth, it is therefore 
possible tiiat scarctly one spring may be found from which the 
temperature of the soil might be determined. And, even when 
such is not the case, an approximative idea of the mean tempe- 
rature of the soil can only be obtained, provided there be no 
high mountains near, by observing the temperature of a great 
numlwr of springs in tlie neighbourhood for at least a year, and 
taking the coldest among them. 

So long, however, as no springs are found whose differences 
of temperature are in totally different proportions from thoae in 
the table, a tolerably correct value may be found for the mean 
temperature of the soil, from observations on the temperature 
of single variable springs, if made at a well chosen season, and 
provided they do not rise out of unusually fissured rocks. For 
instance, since the mean temperature of springs generally falls 
in the months of Dei-ember or January, and in June or July, 
it is sufficient to observe the temperature of springs only at those 
times, in order to get a. very near approximation to the actual 
mean temperature of the soil. It may be ascertained still more 
exactly, by finding out exactly the period of the maximum or 
minimum of the springs, and observing their temperature three 
months after that date. The precise period of the mean tem- 
perature of springs for each individual case, cannot be deter- 
mined with such exactitude, as it was for the mean temperature 
of the air, by the observations made at Leilh in Scotland.* 

The same objections which we have made to Wahlenberg's 
determinations of die mean temperature of the soil, are also ap- 
plicable to the observations of Kupfferf- in several parts of east- 
ern Russia, as well as to the conclusions which he was led to 
draw fnim them, 

Erman jun.| finds the temperature of the springs at Konigs- 
berg 3°, 55 higher than that of the atmosphere. I can only ac- 

* Results of the Therm. Obs. made al Leilh Fort every houi of the day 
and night during the vears 1824 and 1B25, p, 19. 
t Po^endorff's Annalen, vol. xv. p. 159, and fcllowiug. 
t PoggenJorff's Annal. vol. xi. p. 310. 
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%r this great differtnce by supposing the lemperalure of 
the air at Konigsberg to have been probably determined much 
too low ; for at Mitau, which lies to 2° farther to the north, and 
rather to the east, it has been found 1°.35 higher.* 

The temperature of the springs near Berlin and Potsdam 
strengthened Erman sen. et jun. in their opinion, that in high 
latitudes the temperature of the soil is higher than that of the 
air. They estimate the temperature of the soil at Berlin and 
Potsdam at 50°.07 to 50°.15, and consequently find, as Hum- 
boldt and Tralles ascertained the mean temperature of Berlin 
to be 460.4 to M°.d, that there is a considerable difference be- 
tween their results. 

If the mean temperature of the soil can only be ascertained 
from the coldest springs (provided there be no high mountains 
in the vicinity which could send down cold springs into the val- 
leys), and if, without exception, all constant, or nearly constant, 
springs are thermal, then even the Louisenbrunnen and the 
spring at Templin must be thermal. With regard to the latter 
it is the more probable, as it is indebted for its existence not 
only to the meteoric waters of the neighbouring hills, but seems 
to take its rise at a much greater distance. The mean tempera- 
ture of the earth at Berlin is therefore probably below iS"-!) so 
that the difference is considerably diminished, if not totally an- 
nulled. The difference of 2^°, mentioned by Erman, between 
the temperature of the springs 
is also a corroboration of this opi 
From the six years* observati 
temperatures of the air and of the springs, it was found that 
the mean of the latter only surpassed that of the former by 
0°.427. It must, however, be observed, that the mean tempe- 
rature of the air was determined too high, on account of the 
want of observations made during the night ; but then, on the 
other hand, that of the springs must also have been estimated 
too high, as the observations were made at the time of the daily 
maximum temperature of the atmosphere, and as the wooden 
aqueduct, which is about a mile in length, lies at a depth of only 
three feet, and in several places is made to pass through brooks. 
And if the influence of the daily variations of temperature be no 
• Poggendorff'a Annalen, vol. sv. p. 183. 
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longer felt at \\\e depth of three lect, oa MunUe's* observaf 
sewn to shew, still heat would be im(}artcd to it by the rivulets 
through whitli it passes. It is therefore very possible that the 
mean temperature of the spring was estimated as much too high 
as that of the air was. 

I must here call attention to another circumstaDce, which is 
certainly worthy of notice. Observations on the temperature of 
the air are generally made iu places protected from the direct 
influence of the sun's rays, as well as from radiated heat ; but the 
soil is exposed to these. The yearly mean temperature of the 
air must then, if ascertained in such a situation, be lower than 
the mean of the superficial crust of the earth ; but variaUe 
springs receive their heat from that external crust, so that their 
temperature tnust be higher than that of ihe atmosphere. Sin^e 
observations on the temiierature of the soil and of the air have 
given very considerable differences. Thus Humlwldlt found 
the temperature of the mr on the Orinoco at two o'clock to be 
86° ; that of a coarse moveable granitic sand, 140°. iS ; that of 
a similar while, but close-grained line sand, 1S6°.5 ; and that 
of the granite rocks, 117° .735. An hour after sunset, the coarse 
Band shewed 8d°.0, and the granite rock, 101 \°. As sand ab- 
sorbs the beat of the sun in a gi-eatcr degree than other earths, 
and as the meteoric waters, filtering slowly through it, easily 
assume the temperature of the sand, it is very possible that the 
mean temperature of springs which have their origin in a sandy 
soil may rise higher than the mean temperature of the air. This 
may, perhaps, be the case witli the springs near Berlin. For 
that reason, it would be very desirable to combine observaUons 
on the temperature of ihe superficial strata with those made at 
the same time on the temperature of springs and of the air. 

The therm ometrical observations at Tilbingen were made in 
a well of running water in the botanical garden. A comparison 
of the yearly mean of these with the yearly mean temperature 
of the air, speaks in favour of the opinion that the former is 
higher than the latter, for they givc^ 

• Gchlers neues Physikal. Worterbuch, vol. iij. p, 98B. Fourier's " Th^ 
rie de la Chaleur," places this limit at about 3 ^ards. 
-(- VDvttge, vol. vii. p. 203. 
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1S31, SD'-i; 48°.C6 

1832, . 49°.6a 45'.00 

1833, . 49*.23 46'.90 

But, if wc compare the mean temperature of the springs at I 
Stuttgart with that of the spring at Tubingen, we shall be in- 
clined to suspect thai the latter is thermal, for this place lies 
higher, and in a less mild climate, than Stuttgart, and j^et the 
mean temperature of the spring at Tubingen was somewhat 
higher than that of the springs at Stuttgart, 

The uniibrm nature of the soil m Basel, out of which i 
^ht freah-water springs, in the space of about half an English 
mile, offers a particularly favourable opportunity of obKrving 
the temperature of the earth in that locality. The soil of Basel 
'fl covered with considerable deposits of rolled stones, under 
which there is a bed of marl and clay, falling gently to the north- 
east towards the Rhine. The meteoric waters, after having fil- 
tered through the layers of loose stones, meet with this imper- 
vious bed, the gentle slope of which directs them towards the 
Rhine. 

Among these springs the Lochbrunnen, on the Herbrigberg, 
is remarkable for its low temperature. To my question whe- 
ther this low temperature might not perhaps be derived from 
the neighbouring heights of the Jura, Professor Merian answer- 
ed that such a conjecture could not be borne out by the circum- 
stances of the locality. He is much rather inclined to ascribe 
the low temperature of that spring to the phenomenon observed 
by Forchhammcr on the Faroe Islands, viz. that those springs 
which rise out of loose stones are invariably colder than those 
which rise out of the solid rock at the same elevation. (See 
a subsequent chapter.) On the other band, the St Alban Tbal- 
brunnen may be considered as a thermal spring. If these two 
be excluded and the mean deduced for the rest, we obtain 49'.S6 
for the mean temperature of the earth at Basel- According to 
the comparison made by Merian, with the mean temperature of 
the air at Strasbiirg, and at Geneva, this value can differ but 
little from the mean temperature of the air at Basel. 
■ As it was assumed that in high latitudes the temperature of 
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the earth was higher than that of the air, so il was converflely 
supposed thftt in lower latitudes, the mean temperature of the 
springs was somewhat lower than that of the air. This siippo- 
sitioD was founded particularly u]>on Humboldt's obscrvatioDs 
between the tropics. But that philosopher himself remarks,* 
that in steep and high mountains, where either the snow-waler 
quickly mixes itself with lower springs, or where ihey rise near 
their origin in lofty regions, the mountain springs show a lower 
temperature than the mean of the place where they burst forth. 
He refers for examples of this to the above-mentioned observ- 
tioDs in Jamaica, and to his own in the mountains of Cumana 
and Caraccas. Von Buch-|- adds to these, similar observations 
on springs near the Havanna, and in the interior of Congo, and 
remarks, that the inferior temperature of springs begins to shew 
itself already In the south of Europe; and that there are pro- 
bably many springs in Portugal, Spain, and Italy, which differ 
in their constant temperature from that of the air, much more 
widely than the springs in tropical countries, Thus, for ex- 
ample, he refers to a spring at St Cesareo, not far from Pales- 
Irina, near Rome, the temperature of which he found, on the 
29th of August, to be 53°.37, whilst the mean temperature of 
the air at the same place, is GO" .35. But may not this low tem- 
perature have been brought down with it from the neighbour- 
ing Apennines, which, in the immediate vicinity, attain a height 
of 2000 to 3000 feet ?t 

It is easy to prove that it is contradictory to the hypothesis 
of an increase of temperature towards the centre of the earth, to 
suppose that the temperature of the soil in low latitudes is lower 
than the mean temperature of the air ; for if the temperature 
of the earth's crust in those regions were lower than that of the 
air, there must be a stratum at a certain depth, whose tempera- 
ture would be equal to tho mean temperature of the air, Thus 
the external crust of the earth would be inclosed between two 
' Gilbert's Anrialen, vol. sxiv. p. 4S and 4G. 
+ PoggendoriF'a AnnaL vol sli. p. 407. 

f From a peraonal commQnication of Professor Hoffman, I have learned 
that a great, number of springs in the deep valley of Tevefoiie, between Tl- 
voli and SubJacu, are lemarkable for their Ion temperature, which amounti 
on an average, to from 47r to 53}". 
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strata, the one of air and the other of earth, both of which 
would be wanner than itself. A permanently low temperature' 
of the external crust can be conceived in no other way, even 
considering it to be a much worse conductor of heat than it 
really is, than by supposing the existence of a never-failing cool- 
ing principle ; but, then, what could that principle be ? Such an 
hypothesis is shewn to be stili more contradictory by the above- 
mentioned observations of Boussingault ; namely, that, between 
the Tropics, the temperature of the earth isconRtant at the depth 
of one foot below the surface. For how can it be supposed that 
the cruBt of the earth should, at the depth of one fool from its 
surface, have a constant temperature lower than that of the air, 
with which it is continually in contact ? But that supposition is 
moat completely refuted by Boussingault's comparative observa- 
tions, as will be seen from the following table ; 

Mein Tetnii. of Temp, of tbt Boll, otu root bHan ; 
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Mines of Mnrinata, 
AnKnaa Nuovo, 
Popayan, . . 
Futcs ■ ■ 
Quito, . . . 



7*°.075 
64°.86 

G0°.O87 



80°.37 to 8( 

7;°-6; to 7 



65°.07 

66'.42 lo 6(i°.87 



Between 5" south and 11° north latitude, the mean tempera- 
aire of the air exactly accords with the temperature of the earth, 
l^ken at one foot below the surface of the earth, in a place pro- 
ffcted from the sun by a roofing. 

In order to obtain a similar comparison in the temperate 
jones, it would be very desirable that similar observations on the 
mperature of the soil should be made in our latitudes which, 
liowever, it would be necessary to continue for at least a year. 
Till now, little has been done towards this object. According 
to the observations of Uudberg, the mean temperature of the 
earth at Stockholm is '[°.6^ higher than that of the air. Three 
years' observations, conducted by Herrenschneidcr at Sirasburg, 
gave the mean temperature of the air 0°.54 higher than that of 
the soil. The mean of each year, however, differed as much as 
1.665 one from the other. It is, therefore, necessary for the 
comparison that the ol>servations on the air and on the soil 
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should txith be made in tlit same year. For this 
importance can !)o attached to the above ditferenccs. 

Taking all circumstances into consideration, we find that 
there are grounds for assuming, tliat in high latitudes the esrUi 
has a higher, and in low latitudes a lower, temperature than 
the mean temperature of the air. The springs in high latitudes 
which led to this assumption were, therefore, witiiout doubt, 
thermal, that is to say, springs which receive their heat from 
the interior of the earth. On the other hand, those springs 
which led to the conclusion that in low latitudes the tempera- 
ture of the soil is lower than the mean temperature of the wr, 
seem to have been mountain-springs, which brought down their 
lower temperature from higher regions. Boussingault remarlis 
in general, that in the Cordilleras there are often no springs bo 
be met with for a distance of several hundred miles. Wherever 
he did find any, for example at Santa Marts and at Cartagena, 
their temperature exactly corresponded with the mean tempera- 
ture of the air, It is, therefore, the more plausible to suppose, 
that the 'ief/ springs of which the temperatures have been de- 
termined in those countries, have only been found in mountain- 
ous districts. 

Kupifer's tsogeothermal' lines, drawn through all points of 
the earth's surface which have an equal temperature of soil, an 
imitation of Humboldt's isothermal lines, lose their importaoee 
in consequence of the above considerations, as, in genera], no- 
geothcrmal and isothermal lines coincide. 

There is, however, no doubt that differences will here and 
there be found between the mean temperature of the air and 
that of the soil. Thus, in valleys which are surrounded by 
high and steep mountains, the temperature of the soil may be 
rendered lower by springs which bring down cold from above. 
In this case, the mean temperature of the air will be higher 
than that of the earth. The severe climate of certain mountain- 
valleys may perhaps proceed from this. In like manner, as the 
highest mountains on our globe are situated for the most part 
in low latitudes, it is to be expected that the temperature of the 
earth would there be lower than the mean temperature of the 
air, rather than in high latitudes. Thus the hypothesis of a 
PoggenAirff'B Annalen, voL XV. pp. IDI) and 183. 
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r temperature of the springs than of the air, may hold good 
for several points in the mountainous parts of the torrid zone. 

On ihc contrary, the temperature of the soil will be msed if ' 
the roclkS be so Assured and cieft as to admit of the rising of ' 
thermal springs. If such waters rise in considerable quantities, 
and with a great heat, they may cause the temperature of tiie i 
earth to rise perceptibly above the mean temperature of the air. 
Thus, the temperature of the soil at Aaclien and Biirtscheid, 
where waters of 90° to \\S,°.5 liigher than the mean temperature 
of the air spring up in large quantities, is probably higher than 
that mean. The same may be expected at Paderborn, where, 
according to my measurements, more than a million pounds of 
water are ejected in a minute by all the Padersprings together, 
which are 6°.'}5 warmer than the mean temperature of the air. 
The earth's crust being cleft to a great depth, and thus allow- 
ing warm springs to rise, may therefore cause an elevation of 
the temperature of the soil. I 

But the temperatures of the soil and of the air must by no 
means be invariably considered as identical. Copious springs, 
heated to any degree above or below the mean temperature of 
the air, and rising in great numbers, communicate their tem- 
perature to the strata through which they flow. Single and 
scantily supplied springs can, however, cause but trifling alter- 
ations. The above-mentioned springs in the Teverone valley, 
between Tivoli and Subiaco, whose temperature is only 47°- 75 
to 52°.S5, and whose number is very great, although they yield 
but little water, must certainly tend but shghtly to cool the eartb, 
for in this valley all the products of middle Italy, as the vine | 
and the olive, Sourish most luxuriantly. ' 

There is another phenomenon, which, although it is only 
local, must not escape notice. It is well known that in certun 
places there are cavities beneath the surface, in which there 
is ice both in summer and winter. The mean temperature 
of the ground in such caverns cannot be above 32°, whilst diat of 
the almospherc may be much higher. This is not the place to 
examine how such natural ice cellars are caused ; it is only neces- 
sary for us to point out their frequent occurrence. 

If we do not confine ourselves to places where there is ice 
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thritugliout the year t>eluw the surface, bul indudu all places of 
which the mean temperature is luwer than tliat of the surfiHC 
(Bi>d ill fact thfy only differ from the furnier as to the d^^rae)^ 
we shall with a lUtlc attcDtiuii easily increase thetr number. 

Dc Saussure* hns miulc us acquainted with several subter- 
ranean caverns out of which wind issues, which is colder than 
the mean temperature of the soil, namely, the caverns of Monte 
Testaceo near Rome ; the Ventarula della Funera on the islaod 
of Ischia, which lies still more to the wuth, and is so entirely 
vulcanic, and full of hot springs; the caves of St Marlao and 
of Cesi ; the Cantines of Chiavenna ; the caverns of Caprino on 
Lake Lugano ; the cold grottos of Hergiswell, near the lake of 
Lucerne, and so forth. It is true Do Saussure only gives us 
single observations of the temperature of tliese caverns, made 
in the summer months; but the observations of Nollet in the 
grottos of Monte Testaceo were made in September. These 
seem to shew that the yearly mean temperature of those winds 
is much lower than the yearly mean temperature of the air, and 
that their temperature rises as the seasons advance. 

In the Saxon Erisgebirge, Beicli-f- mentions three ptuntB 
which are remarkable for their low tomjierature. The Han- 
richssohle in the Stockwerk at Alienberg was found by two 
years' observations to have a mean tenipetature of 0°.54< colder 
than that of the surface, although situated at a dc|>th of WO 
feet. In the Henneberger Slolln (Adit of Henneberg) on the 
Ingelbach near Johanngeorgenstadt, Reich found the Icmpera'- 
ture about 0°.54 lower than in the Gnade Gottes and Neujahrs 
Maassner shaft some hundred feet higlier. The Weiss Adier 
Stolln on the left declivity of the valley of the Schwarzwasser 
above the Antonshiitte, is also remarkable for its extraordinary 
cold. 

ReicbJ has also communicated some interesting observations 
on the perpetual ice in the mines of the Sauberg, at Ehrenfrie- 

■ Vcij'ages clang lea Alpes, vol. v. p. 343, with remarks by NicholMli,ln bis 
Journal of Nat. Philoa. &c No, 5, 1707, in Gillierl'aAnnaten, vol iii. p. 201. 

I Beobachtungen uebpr die Tt'inporalur ilea Gesteloa in verachiadenoD. 

Tiefen In den Gruben des SifcLsischen Erzgebir^, in Jen Juhren 1S30 — 11IS2, 

^-G; Fieylierg 11134, p. 200 and following. 

-75, n 
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dersdorf. He dcLciniined the mean lemjicrature uf the surface 
of the Sauberg at 44° .94- The result of several years' observa- 
tions in the St Christoph shaft, which Wen tu the west, and is 
the least opposed to the cold, was 42°.22, at thirty-one feet be- 
low (he surface ; (he same temperature was found in the Mor> 
genrother cross-cut, lying to the east of this abaft, at a depth 
of 281 feet from the surface. The temperature is, then, consi- 
derably lower than the mean temperature of the surface, as 
well near the surface as at a greater depth. In the Sauberg 
the ice is seldom found lower than fourteen fathoms; how- 
ever, il was once observed in the interstices of the Old Man, as 
much as twenty-four fathoms below the surface. Reich found 
tbe temperature of the ice to be Sl°.98!^, the air in the iin* 
mediate vicinity 34°.025, and the rock at a little distance 

At many other places, in the Erzgebirge, tJie temperature of 
tbe soil was found, on the contrary, to be higher than that (^ 
tbe air, viz. : — 
^_ Soil. Air. Diffbience. 

B AlCenbe^, .... i2'.T62 '11''.270 

^ Marfcu* RoblinK, . - 43°.&42 *lMi32 

Johanngeorgenstailt, . 43M1S 41°.0!I0 



r.7io 

a°.025+ 

i well as of 



At Markus Riihling tbe temperature of the soil, 
the air, is remarkably low, in comparison to its elevation above 

* For further iDformatian on ice-cavems and ice-grotto?, see Gehler's Neuea 
Phyaik Worterbucti, vol. iii. parti, p. 160, and following ; and Iteicb, \i. 
ins, and foUowing. It is related of several such ke-grnttos, tbat the ice is 
only tbere in summer, and that it thaws away in winter. By refeiring to 
the three years' observations on tbe temperature of the St Chriatoph shaft 
we find that tbe maximuin occurs in November, and the minimum in April; 
30 Ihatthcopinion that the mines are colder in summer than in winter is easily 
accounted for. If a spot could be found, whose meau temperature wa 
actly 32°, ice would be found to continue to increase tbere till June or 
July ; and on the other hand, to decrease until December or January. 
the one would nevertheless be tbe effect of the preceding winter, and the 
other that of the preceding summer. Also, according to the observalions of 
Dr Oudot (Joum. dea Mines, t. iv. No. 21. p. G5), tbe ice in the celebrated 
cavern of Besganon, near La Chaux, increases till April, and decreases till 
October : in January the temperature falls to 20°. j, in summer it risei 
38°.]. Wc see, then, that these variations correspond very nearly with tl 
observed in springs, which is nothing else than might be expected. 

t Reich, p. 123. 
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the sea ; the cause of both must probably lie in the locality. 
The ooDclusioD drawn by Reich, from the above observations, 
viz. that, in the Erzgebirge, the temperature of the soil is 
throughout 1^8 higher than the mean temperature of the air, 
seems, however, to be somewhat too hazardous. 

All these facts prove that great differences may exist between 
the mean temperatures of the air and of the soil ; but that they 
only originate in local causes, and do not stand in any relatioD 
with the geographical latitude of the fdace. 



■^ 



Cbaf. VII. — Do (he raint and meteoric waters cause greater va- I 
riatiom in the temperature of the soil than in that of the air ? 

^The wiDter rains between the tropics being supposed to have 
! effect of cooling the springs in those regions, I made some 
experiments in order to ascertain to what extent such a depres- 
sion might possibly proceed. 

The nifan temperature at Cumana, aceording to 1-on Faustin 
Rubio,* is 82°.09 F.t, the minimum being in January 80°,35, and 
consequeiilly their difR.'rence 1°.73. Supposing the temperature 
of the air at Cumana, in the beginning of the rainy season, to 
be al the mean or even below it ; if the rains be still colder, they 
must cool the air until the equihbrium be restored. But the 
rains will cool the earth's crust, so far as ihey penetrate into it, 
sooner than lliey will ihe air : and, after some time, lioth the air 
and the earth will assume the temperature of the rains. In order 
to be able to observe the progress of the changes of temperature 
in the air and in the soil, I made the following experiments. 

I placed a thermoraeler in a glass cylinder 20 inches high, 
and suspended in it a second, in such a manner, that the bulb 
was 10 inches above the bottom of the cylinder. This tliermo- 
meter was protected by a small bell-glasa, which was so luted on 
to it, that the bulb just appeared below its edge. The thermo- 
moier at the bottom shewed 70°. 70 ; that suspended in the air, 
(id°.S. I then let the water of 54° .50 fall in a fine shower into 
the cylinder, and quickly observed the following alterations of 
Tbehhoheteb I 

In the nir, . , CS'.B 6J°.55 68°.20 ei°.25 50°.9 59°.0 I 
On thebotloni, . 70°.70 69°.9 m°.i5 68°.65 6a°.56 SS'.Sff | 
Al this moment I was obliged to interrupt the experiment, as ] 
a drop of water had spirted on to the bulb of the suspended I 
ihermometer and caused ihe mercury to fall to 58°. 65. Had this 
not happened, there is no doubt tliat the thermometer in the air 
would soon have fallen as low as the one on the bottom of the 
cylinder. Similar changes must take place in the earth and air 
during the fall of rains. ] 

■ Annal. de Cbiuiie eL de Phj8. vdL xxii. p. 303. I 

+ We igain remiud the reader that the d^rees in this memoir are «c- I 

cording to Fahrenheit's scale, excepting where otherwise stated. I 
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Now, if the cooling of the soil keeps even pace with that of ihe 
air during the winter rains, and if the only difference is, that the 
former is Bomewhat in advance of the latter, the yearly mean 
temperature of the soil can be depressed but imperceptibly be- 
low that of the air by this cause. When the winter rains cease, 
the temperature of the air soon begins to rise again; but ibe 
earth remains longer at its lowered temperature on account of 
the evaporation. This lower temperature may perhaps last ra- 
ther longer than that caused by the rains, and consequently cause 
a more considerable depression of the mean temperature of the 
soil below that of the air. The extent of the depression cauEed 
by these two circumstances might be determined, by observing 
the temperature of the air, the earth and the rain water, durhig, 
and a short time after, the fall of cold winter rains. 

If the mean depression of temperature during the rainy sea< 
son is equal to the difference between the mean temperature of 
the air and that of the rain water, that depression cannot, at 
Cutnana, exceed 1.73. The difference then between the mean 
temperatures of the air and of the soil, during this season, can 
be but a small fraction of that quantity, and must, therefore, be 
exceedingly small. And, although single showers may lower 
the temperature considerably, (Von Humboldi*) for example 
observed a fall of 48.20F. during a shower at Cumana, the 
cooling of the air and of the soil will nearly keep equal pace to- 
gether. 

It seems strange that rains falling from cold regions of the at- 
mosphere, should only cause a yearly depression of temperature 
in the air of at the utmost S^.g^.f But when we consider that 
rain-drops, at the moment of their condensation, assume a 
higher temperature than ihat of the surrounding medium, by 
the release of latent heat, and that, in their descent, aqueous 
vapours are condensed upon them, the latent heat of which, be- 
coming free, also tends to raise their temperature; we can no 
longer be surprised at that phenomenon. Besides, the smaller 
quantity of heat received from the sun, during the tropical win- 
ters, has also some share in causing that difference of iS.gS. 

• Voyage ii. p. 20. 

+ This IB the difference between the menn temperatures of the hottest and 
or the coldest month at Cuniaiia. 
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According to Chap. V, i!ie lemperature of springs is a func- 
tion of the temperatures of the meteoric waters, and of the soil 
through which they flow. The modifications caused by the 
temperature of the earth on that of the meteoric waters, depends 
upon — 

1. The capability of the strata to receive the percolating 

^m waters, which causes a shorter or longer detention of theni 

^K in those strata. 

^K S. The capacity of the channels through which the waters 

^H flow ; and 

^H 3. Tlie capacity of heat of the strata. 

^P If the earth be very much cleft, as is the case with the chalk 
rocks, and if the fissures be of inconsiderable width, the tempera- 
ture of the percolating waters will be little ahered ; if, on the 
other hand, the clefts be few and considerable, or the soil be 
composed of an earth, such as sand, which easily allows the pas- 
sage of water through it, that temperature will be considerably 
modified.* 

In order to have an idea of the probable effect in one of these 
cases, I made the following experiments i — 

I allowed water to filter through a bell glass 14 inches high 
and 4.75 inches in diameter, filled with line sand of the lignite 
formation. The temperature of the water which was poured 
upon the sand, and which filtered through it, as well as the tem- 
perature of the sand itself, was observed from time to time, be- 
fore and during the esperiment, with very sensitive and per- 
fectly harmonizing thermometers ; and the following results were 
obtained : — 

Firsl Series of Experiments with Sand moderately Damp. 
Time — i 12 18 20 37 32 31 47 62m 

Water 70°5S 7fr.65 — 7G.10 75».65 — 75°.20 ~ 7a'.Bo 7^31 

Sand 40^ _ (iO J7 63.95 67.77 69 .8 — 71 .37 71 .60 71 .37 

ered I _ _ _ 

■ough J 



Water 

filtered V — — — — 63.2761.92 _ 62.1562.8263,27 

through J 



may bear signs of theintiueoce of the external lemperatut_. __. __. ^._, 

the salt springs at Werl, jnentioned in the preceding chapter. On the other 
hand, in a Bandy soil, where the meteoric waters are very much diviijed, and 
come in close contact with the particles of aand, the inUiience of the external 
leraperature is no longer perceptible, at a very moderate depth. For thi» 
reason, springs rialns through sand shew such email variations of temperature { 
as la the case with the springs in the neighbourhood ni Berlin and PoiaSam. '■ 
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yearly fall of meteoric water§on the district drained by thisi 
filters into the earth, and serves for the production of spring!. 

The resullft of the above series of experiments, shew the vari- 
ations of temperature, when meteoric naters only filter to the 
depth of fourteen inches, and then immediately nse again ai 
springs. It is evident tliat the influence of the temperature of 
the meteoric waters on that of springs must decrease in pro- 
portion to the depth lo which ihcy filter into the earth. If Uw 
quantity of water absorbed by a certain surface, during a cei^ 
tain period of time, and farther, the depth to which it einks, tbe 
capacity of heat of the soil, and the mean difference between tbt 
temperature of the meteoric waters and the strata which recd« 
them, be known, the variations of temperature caused in the 
earth's crust by the meteoric waters during a certain period, 
may be calculated from those data. For these variations of 
temperature, which take place after a certain length of time, are 
the same which would ensue, if the whole quantity of water 
were to sink to the given depth into the earth in a moment. 
Since the scale of the yearly variations in the temperature of 
springs evidently depends on the depth from which they rise, 
this depth may be learned from a knowledge of that scale. 
Supposing that springs issue with the temperature of the lowest 
point to which the meteoric waters have sunk, the depth at which 
the same scale of variations of temperature prevails, as that of 
a certain spring, may be found by observing the temperature of 
the earth, at different depths, in the vicinity of that spring. 
Thus, for example, a thermometer in the Gopel shaft of the 
Trappe coal-mine, near Welter, in the Grttfacluifl Mark, gave 
only 0°.83 as the greatest difference of temperature, at a depth 
of 26.5 feet,* from which the origin of a neighbouring spring, 
having the same scale of variation of temperature, may be easily 
deduced. And such a deduction will, in most cases, be very 
near the truth ; for meteoric water?, filtering in fine drops 
through the earth, and through the narrow fissures and clefts 
in the rocks, assume the surrounding temperature the more 
nearly the deeper they sink. But if, on reaching the lowest 
point of their course, they unite themsL'Ives with another more 

• PoggendorfF'a Anna), ixii. p. 630,Uble. 
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or leas abundant spring, and are brought to the surface by an 
impervious stratum, or by hydrostatic pressure, the change 
thereby operated on their temperature will be the less consider- 
able the more copious they are, and the more quickly they 
flow. We will suppose, for the sake of example, the mean 
depth from which a certain number of springs, belonging to a 
certain district, rise to be thirty feet. Farther, let the Bpecific 
gravity of ihe M>il be taken at 1,5, and its capacity for heat 
0.22, the specific gravity and the capacity for heat of water 
being taken as unity.* Supposing the height of water provid- 
ing a certain surface for the supply of its springs to be one foot 
(about as touch as we found in the district of the Brohlbach 
above mentioned), wc shall have the proportion between the 
masses of the water and earth, which come in contact with each 
other, as 1 : ^. Lastly, let the meteoric waters during a whole 
year be 1 1'.SS colder than the soil, and let the mean temperature 
of the latter be GS^.SO. Under these circumstances, if the whole 
quantity of water were to fall, in one moment upon the earth, 
the temperature which the earlh would assume would be 
1 X 1 X 38.75 + (45 x 0.22 x 50) ^^ _ . 

= lxl + (45x0.2a) = *«9^-t 

This would consequently also be the temperature which springs, 
coming from a depth of thirty feet, would have. 

Thus, even in case the temperature of the meteoric waters 
throughout the year, were ll^.^S colder than that of the soil, 
and that they should only sink to a depth of thirty feet, the tem- 
perature of the soil, and consequently also of the springs rising 
out of it, would still only be lowered 1.035. But these condi- 
tions will with difficulty be satisfied either between the tropics, 
or at any other point on the surface of the globe. And suppos- 
ing they were satisfied, the difference thereby produced between 
the mean temperature of the air and that of the soil, would fall 
far short of 1 .035, because the cooling of the air by the meteoric 
waters would fallow but shortly after that of the earth's crust. 

• These I found to he the specific gravity and capacity for heat of the sand 
used in the above experiments. 

i- Let H and m represent the two masces, S and s their capacities for heat ; 
T and f their temperatures : the temperature T of the two bodies after their 
jntermixture will be 

MST + m.f. 
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The meteoric wniera must sImj have an litUe power aenaililj: 
to raise, as they have to depress, the temperature afspringK. Il 
is,lherefore,equally inadinisaible,that the temperature of spring*, 
in low latitudes, should l>e sensibly depressed by the coldnen of 
the winter rains, as that, id higher latitudes, it shou}d be mati 
by the warmth uf the rains in summer. 

Iq the dislocated rocks of limtntone and qujider-SMidstoKi 
the relations may prove somewhat ditfereiit. The fissures id tbeae 
rocks being for the most part of great depth, the meteoric Wh 
tersflow through their spacious channels in torrents; the influence 
of the waters on the temperature of the outer crust of the earth, 
may, therefore, be much more considerable iii these rocks. But 
the changes effected on the temperature of the earth will still 
take place, but a short time before those caused in the air. 

In order to form an ideaof the extent of the influence of these 
circumstances, I chose the quader-sandstone and chalk-rocks, on 
the western declivity of the Teutoburger Wald, which are fis- 
sured to an extraordinary extent, for the theatre of my obser- 
vations, Many considerable brooks rise out of these rocks, but 
arc for the most part tost in the clefts, and reappear at the foot 
of the chain. I measured the waters of the Lippe, the Raute, 
the Fader, the Alme, and the Heder, and traced the boundaries 
of the districts drained by them, aud found that nearly two feet 
of the meteoric waters falling in these districts are expended in 
the supply of those streams.* Here, then, almost twice as much 
of the meteoric waters sink into the crust of the earth, as in the 
district of the BrofUback, which b so unusually rich in mineral 
springs, f 

* The Fader I measured at the end of May 1834, when it Lad not r^ed 
for a long time. The Lippe and Alme viae measured by Dr Pieper oTPaier- 
S»rB, at my request, in the middle of July, which was remarkable for the un- 
uaual dryness of the weather, as indeed waa the wliole summer of 1B34. It 
muat, however, be oliserved, that the Lippe loses little of its water in suni- 
mer; but that the Aime, on the contrary, was very uiuch rei Meed at the time 
of the raeasurement. Tlie copiousness of these rivulet.i was, therefore, cer- 
tainly not determined too high. 

t In a few parts of Germanjf, where the annual fall of rain is known, does 
there Ml a BuSicient quantity to supply the spring which rise on the weit- 
em declivity of the Teutoburger Wald? At CohUnce, Atanhanif Shtllgarl, Tn. 
bingen, &c., the yearly fall of rain amounts only to from 20 to 23 inches ; at 
Carltruhe, Giengen, film, Genkmgen, 24 to 35 ioches. See KSmtz Lehrbuch 
der Ueteorologle, vol. i. p. 4SS and following. 
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Bui tile deeper llie cltfts, llie nearer will [lie temperature of 
the water coincide with that of the rock. And laslly, if tht' wa- 
ters reach the regions where the increase of tem]Terature towards 
the interior of the earth hecomcB sensible, the springs resulting 
from them must bo ihermal. This, as already mentioned, is the 
case with the most springs rising Jn the Teutoburger Wald. 
The influence of the external temperature, then, diminishes in 
proportion as the thermal springs exceed the mean temperature 
of the air. It is however easy to conceive, that water, sinking 
through the wide channels in the dislikcated chalk rocks, into the 
regions where the increase of temperature towards the centre of 
earlh begins, should reappear, in a lower situation, as a thermal 
spring; but should, nevertheless, sliew the variations of the ex- 
ternal temperature, as seems to be the case with the sak-springa( | 
»f Weil, already alluded to more than once. 



lAP. VIII, — To what depth in ihecrust of the eaTlh does the influ- 
ence of the external temperatuTe continue to he felt 9 

The depth to which the external temperature con tin lies to ex- 
ert its influence upon the crust of our globe cannot be the sa 
at all points. It depends, in the first place, upon the extent of 
variation of temperature of the air, for the less such variation ii 
the less considerable will be that depth, and vice versa. There- 
fore the depth will vary in the same place, the extent of annual 
variation of temperature of the air being in the various years 
also various. It depends, further, on the conduetibility of heat 
of the earthy and rocky strata composing the crust of the earth. 
The forriier of these circumstances varies according to the geo- I 
graphical latitude of the place and its elevation above the sea, 
the nearer to the equator, and the more elevated above the sea, I 
less, in general, arc the variations of temperature. The latter is 
naturally dependent solely upon local geognostical circumstances. 

Between the tropics, from 11° N. Lat. to 5° S. Lat. the depth to 
which the external temperature continues to be felt, is scarcely 
B much as 1 foot ; for, according to Boussingault's • observa- 



• Anna!, de Chlm. el de Phya. voL liii. p. 226, and fulliiwing. In the same 
!r Sir Thomas Brisbane determined the tempera lure iif Ibesoil at /'nni- 
in (New South Watea). See Etllnb. Fbil. Journal, s. 2^9. 
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lions, thei momcCcrs, placed in holes of 8 to ISinches deep, pro- 
tectc-d from the rays of the sun by a roofing, shewed variations 
of 8t most but a few tenths of a degree. De Saussure* fouDd in 
a medium latitude that at the depth of S9.5 feet there was still a 
variation of 12^.25 Fnlir. It must, however, be remarked, that this 
observation was made in a well, where the influence of the tem- 
perature of the atmosphere was not precluded. Arago foundal 
Par\t that a thermometer did nut remain constant at a depth of 
25 feet below the surface. Indeed, at a depth of 86 feel, a yeai^ 
ly varialionof iJ^,or 0.0703of Fahr. was observed. However, 
the observations made at /'am on the SOth July 1835, by aiaking 
thermometers to different depths into the earth, shew that the 
direct influence of the external temperature, that is to say, iodfl- 
pendently of the temperature of the air, does not extend msdb 
below 35 feet. It was found, namely, that at a depth of 
1^ feet tbe temperiiture was 82*.06 

3 ;2°.io 

e e2°.5 

10 .... ^;■.8 

20 .... 52°.7B 

25 .... 62°.49 

86 (in B cellar) . &3M4 

whilst a thermometer in the shade shewed 91-4, and another im- 
mersed in sand shewtd, in the sun, 1S7.4.-|- D'Aubuisson esti- 
mates the depth in question at between 46 and 61 feet, and 
KupfferJ at 77 feet below the surface. 

The determination of this depth is extremely difficult, as in 
wells, shafts, and caverns, it is scarcely possible thoroughly to 
prevent the influence of the external temperature; whilst the 
sinking of thermometers to considerable depths into the solid 
rock, or into the earth, and the observing of their temperature, 
is hardly practicable. 

■ Voyages III. in theBibliot. Bdtann. viiL 341. 
t AdhbI. de Chini. et de Pbjs. voL xxx. p. 3Ba 
J Id Q late memoir in PoggendorfTfl Annnl. vol. xxxii. p. 270, Eupfier ex- 

presaea lils opinion tbat all points of the interior of ttie earth, of which the 
greatest variation of temperature Is 0.36, are situated at tbe same depth, what- 
ever be tbe variations of temperature at tbe surface. He calculates this depth 
for points near tbe equator at 25,2 feet, and for tbe polar regions at 55,5 feet 
This is contradictory to theory, as well as to the actual observations made by 
Boussingault between the tropirs. 
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It has been found, from tlKTinomeiiical observations, mode in 
various Prussia?!, mining esiablit.hmL'iiis, situated between 50° 
and 51°. 5 N. Lat.,* that, notwithstanding llie numerous pretau- 
lions employed to isolate the thermometers placed at diflerent 
depths from the atmosphere, they still, in some cases, shewed 
great irregularities of temperature, as will be seen from the fol- 
lowing table ; 

Deplh bclon Ihe nir- Gratat dlB^enca : Depth belov the 
27 Puria ft, . 0.83 F. 65 Paris f 



2°,35 
2',26 
2'.B1 
3'.37 



I 



I 

^HP^ external temperature maybe no longer perceptible at the 
moderate depth of 27 feet ; but that, under less favourable cir- 
cumstances, it may be more or le.ss considerably felt at depths of 
55 and 63 feet, or even more ; and, lastly, that at 155 and 159 
feet it entirely disappears. 

In the years 1830-1832, observations were made with grea 
care in the mines of the Saxon Ensgebirge, on the temperature 
of the rock at various depths.f In ordei-, if possible, to avoid 
the effects of a change of air, thermometers were used of such 
a length, that the bulbs might be sunk 40 inches deep into holes 
bored in the rock, whilst ihe scale might be observed from with- 
out. The spaces between the thermometers and the sides of the 
holes were filled with dry sand. The scales were divided to 
tenths, by which the observations might be taken in hundredths 
of a degree centesimal. The utmost care was bestowed on the 
graduating and harmonizing of the thermometers. 

In choosing situations for the thermometers, points subject to 
considerable draughts of air, and such as were occupied by j 

• PoggendorfFs Aniial. vol. isii. p. 620. 

t Becbachtungen uebei die Teniperatur Aes Gesleins in versrhiedenm 
nden Grubea its Sachsise/ien Erzgeblrges in den Jahrcn 1830 hi. 
1, ziminmengeitellc von F Reich. Freiberg- 1834. 
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workmen, were as much as possible avoide*). They were always 
placed in the solid rock, and in spots above which lliere were 
no halvens or other heaps of ruhbish. The holes were Iwired in 
such a manner, that the bulbs of ihe thermometer ghonld lie at 
lefiBt 40 inches below the surface of Ihe rock, and only such were 
used as were free from wet. 

During his observations on the hourly variations of the mag- 
net, Reich had an opportunity of observing the rapidity with 
which the air operates upon the rock even at a distance of 40 
inches. The air in themineshewed+S^G with but slight variations, 
and a thermometer sunk into the riK:k 48°.64 ; but when, after 
44 hours' observation of the magnet, the temperature of the air 
had been raised by the presence of the observers, and their two 
candles, lo 49°. 7, the thermometer in the rock, which was sub- 
ject to no change of air whatsoever, was found to have risen lo 
4S°.71, 48''.73. This discovery destroyed all hope of obtaining 
the tem]>eralure of the rock, quite free from the influence of the 
air, by sinking the thermometers even 40 inches deep into the 
rock. In order to ascertain whether the temperature of the 
rock was raised or depressed by the air, at different points near 
the scale of the thermometer sunk into the rock, were placed 
others exactly corresponding with it. Thus, if the mean tem- 
perature should be higher than that of the rock, it might be 
concluded that the air tended to raise the temperature of the 
rock ; and if lower, that it caused a depression. They were, 
however, satistied with knowing, whether an increase or decrease 
took place, without determining to what extent it was carried. 
The observations frequently led to no results. The thermo 
meters near the surface were generally observed three times 
a-week ; those situated further down, twice. Reich estimates 
the errors of observation in some cases at 0.18. 

Another observation, "'liich proves how deep in the earth a 
change of temperature in the neighbourhood, although small, if 
it be but of long duration, may be felt, is worthy of notice, as 
it shews how many unknown, as well as known circumstances, 
may have influenced former thermometrical observations in 
mines, and how little the want of concord in the results obtained 
from ihem is to be wondered at. In the mine of Beackert 
Gliick, in ihi' Freyberg district, a ihermomeler buried in the 
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disintegrated gneiss, forming ihe floor of a CL>llar under a 
smithy, showed, in 1830, a mean temperature ol" 49". 79, which 
was mucli too high, compared with other observations made at 
1 he surface. This was caused by the strong fire in the smithy, llie 
greatest proximity of which to the thermometer was 12 feet.* 

I have reduced the centessimal degrees of the observatioas, 
made near the surface, at various places in tlie Saxon Erze- 
birge, into degrees of Reamur, and arranged them in the fol- 
lowing table. The numbers represent the monthly mean tem- 
perature. Reich also gives ihc maximum and minimum of each 
mnnth ; but these I have omitted for shortness' sake, and have 
confined myself to noting, in ihe tour last lines, the greatest 
yearly differences of temperature, which Is of the most import- 
ance for our object. The places of observation are arranged in 
the order of their depth below the surface ; but their elevation 
above the sea is at the same lime marked. 



Deplh iKlaw \ 

the am ) 
IB30. 


5'.6 
1003' 


I7'.3 

2433 


32'.2 
045' 


23'.4 
U4fl' 


23'. 1 

13U1' 


30.0 

1718- 


33'.n 

1754' 


34'.8 
2322' 


47'.7 
1396- 


- 


94'. a 


I2I'.3 
1322 


1431' 


1447 


























■lanuHTv 


4.13 




5.03 


a.G(i 
















7°25 


February . 


3.S7 




4.38 


6.19 
















7,25 


March . . 


a82 




4.01 


4.(i7 
















7.24 


April . . 


4.8S 




4.44 


6.04 
















7.26 


May . . 


fi.00 






5.72 
















7.26 


June . . 


7.29 




0.86 


o.r.8 


















J.ly . . 


B.32 




ao8 


7.30 




3.91 




::: 






0.81 




August . . 


!I.SII 




9.01) 


8.28 




4.22 










a83 




Seplember . 


9.22 




9,119 


fi-sa 




4.67 










a8G 




October . 


8.61 


5.47 


Rfi2 


7.89 


1.26 


5.29 


5°.20 




7.28 




6 80 


7.'26 


Nuvember . 


7-73 


5.47 


7.73 


7.27 


0.98 


5.46 


a. 22 




7.09 


0.52 


am 


7.26 


Da-ember . 


e.B8 


5.39 


8.67 


0.60 


6.68 


5.20 


5.24 




6.93 


8.39 


0.88 


7.24 


1831. 


























Janiiarr . 


5-77 


S.IO 


5.42 


6,86 


8 21 


4.87 


5.28 




6,81 


6,34 


a8fi 


7-26 


Februarr . 


6.02 


4.84 


4.68 


5.39 


5.98 


4.14 


5.20 


4,04 


6.06 


ftCl 


6.87 


7.20 


March . . 


B.02 


4,5(i 


4.S7 


6.23 


5.94 


3.46 


a.u 


3,99 


6.71 


6.71 


0.80 


7.28 


April . . 


11.27 


4.26 


4.86 


5.41 


5,99 


aas 


4.97 


4.22 


ao2 


a7o 




7,29 


Maj . . 


6.95 


4.0fi 


S.89 


8.D9 


6.13 


3.40 


4.85 


4.78 


aits 


a89 


6.Hh 


7.S9 


June . . 


6.71 


4.21 


8.93 


a72 


0.43 


3.54 


4.86 


5.34 


7.14 


aoti 


a85 


7.29 


July . . 


7-65 


4.67 


8.31 


7.60 


0.98 


:<.8o 


5.00 


5,94 


7,26 


6.62 


6.86 


7-29 


August . . 


ais 


S.32 


9.14 


fl.08 


7.66 


a9g 


5.21 


6.4B 


7.42 


658 


as? 


7,29 


SeptemLer . 


7.83 


5.63 


S.24 


8.13 


7.01 


4.76 


5.31 


a25 


7.43 


8.50 


ass 


7.S9 


Octuber . 


7.4B 


0.90 


9.00 


7.03 


7-60 


5.34 


5,42 


0.26 


7-38 


aH7 


a89 


7.29 




6.22 


5.94 


a25 


7.48 


7.30 


5.65 


6.64 


5.18 


7,38 


674 


0.00 


7.30 


Uei-eniber . 


5.03 


6.7s 


e.9H 


ti.80 


0-87 


fi.40 


5.50 


4.49 


7,21 


6,81 


6.H3 


7.31 



* Perhaps also tfae water used far queaching and hardening may have 
lad its way to the spot where the theruiometer wns placed. 
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1 
1 
1 


18.12. 

February . 
Mnreh . . 

t^; : : 

June . . 
July . . 
AuguH . 
Septemb.T. 
October . 
November . 
December . 


"■.6 
lOUl)' 


M.2 


g2'.2 
946' 


23'.4 
1440 


23.1 
1381 


30'.B 
17111 


33.0 
1751' 


34'.e 

2332' 


47'.7 

1306 


62'.fl 
143 1 


«... 

J 447 


13» 


::: 


6.47 
5.0B 
4.7H 

4.3U 

4.77 

0.27 
6.i0 
5.73 

6.30 


5.8G 
6.1fl 
4.02 

4.78 
6.51 
ftOO 
7.S6 
A68 

aea 

S.18 
7.23 
0.25 


(Ids 

6.5B 
5.23 
S.10 

e.«6 

6.38 
7.00 
7.40 

7.00 

7.83 

7.1* 
0.34 


0.43 
0.23 
0.11 
0.i3 
0.18 
R50 
li.03 
7.50 

7.07 


4.8U 

4.69 
1.40 

3.08 

aoo 

6.10 

li.07 

a to 

5.B2 


5,00 
6.G0 
6.42 

s.:i2 
a. 23 
5.IU 
5.1s 

5.28 
5.44 
5.65 
S.B2 

3.00 


3.06 
3.07 
4.33 
6.H 

a.jn 
ai5 
aio 

6.7B 

4.5!) 
4.31 


7°. 13 
7.10 
7.10 
7.13 
7.11 
7.20 

7.4U 

7.57 

7-5U 
7.58 
7.58 

7.47 


a79 

e.79 

cao 

6.84 

0.87 
G.87 

aofi 

8.89 

fi.7.'i 

0.74 
0.74 
0,73 


ri.115 
ass 
a 70 
(i.ri4 

0.M 

e.B3 
0.BO 
on 

6.84 
Olio 
«.8fi 
U.8Ci 


3^ 
7.S3 

7.S4 

7,M 

7.M1 

7Jt7 

7.38 

7.41 

7.4! 

7.41 
7-41 
7.4! 


Mean 18»0 
Mean 183t 
Mean iWAi 
Mean in gf n. 

Differ. 1B30 
1U3I 

leaa 

Differ, in gen. 


am 

U.34 
tt6(t 


4.92 
5.02 

5.06 


0.01 

fi.i»2 
8.66 
6.13 


a64 

1^72 

a47 


0.72 


4.30 
4.30 
4.02 
4.54 


6.13 
.'J.IB 

6.41 

U.6H 
0.7U 

a 48 
o.Ha 


alio 

4.83 
4.U7 

2.74 
2.72 

3.02 


7.00 

7.10 
7.34 

7.23 

0.55 
0.90 


a67 

&84 

flJD 

a(i3 

0.14 

0.71 


6.BC 
0.87 
0.83 

n.8e 
"ftio 

0.12 
0.10 
0.U 


7.27 

7J3 

005 
9M 
0.14 

0.90 


&1U 
0.10 


1.73 
1.04 
1.41 
1.94 


0.80 

6.01 
4.43 

6.01 


3.UU 
3.20 
3.00 
3.00 


I'.B? 
l.OJ 

1.87 


a37 
2.72 
2.34 
3.07 


1 

1 

■ 


If we take into cousideraiion the many known and unknomi 

we cannot be astonished tliat, in ihe foregoing table, the differ- 
enceB between maximum and nnimmum do not deirea^ in direct 
proportion to the depths, so that, notwithstanding the care with 
which ihe observations in ihe Saxon Erzgebirge were conduct- 
ed, they still leave us in uncerlainty respecting the depth to 
which the influence of the external temperature penetrates. 
Thus much, however, may be deduced from them, that, in cer- 
tain circumstances, there is a yearly difference of temperature of 
scarcely 2° (4°.5 Fahr,)at a depthof ITfeet ; whilstunderother 
. circumstances, at iwice that depth, a variation of S° (6°,7 Fahr.) 
may be produced. It is therefore hardly to be expected, that 
the depth to which the external temperature penetrates should 
be discovered, for any places in high latitude^ by observations 
iu mines, wells, or caverns. 

Finally, let it be observed, that the maximum in no case took 
place before August, and most commonly in September, Octo- 
ber, and November ; and the minimum never before February, 
generally in March, and in two cases as late as June. Herren- 

1 
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Schneider at Strasbemrg also fountt, from tliermomctrical obser- 
vations at a depth of 15 feet, thai, in the years 1821 and 1822, 
the maximum took place in September, and the niinimum in 
February ; but in 18S3, the maximum happened already in 
August, and the minimum in January. Muncke observed the 
maximum in a thermometer sunk five feet deep into the earth 
during the years 1821-1826, twice in September, twice in Au- 
gust, and once in July,* 

Direct obsertations on the temperature of the soil have been 
made by sinking thermometers of different lengths into the 
ground, by Ferguson at AbbotahaUia Fife, Scotland,\ by Bud- 
berg in Stiickkolm, \ and by Quelelet at Brnitseh, § the results 
of whith are given in the following Table: 
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I T. 


Sr.^ 


3r. 


1 r. 


2r. 


3f. 


4f. 


0.6 r. 


1-7 


3.3 r. 


3r. 




39.2li 


31.2!. 


32.74 


34,71 


zib\ 


40.64 


44°.01 


4ft3 


45.7 


43.33 


47.42 




February . 


31.3 


31.9G 


32.4 


35.3 


37.93 


40.2 


42.3 


39.09 


40.37 


42.20 


44.09 




JIarch . . 


13.58 


33.1 


33.39 


37.22 


38.53 


40.71 


42.34 


4304 


43.47 


44.40 


45.57 




April . . 


iim 


37.44 


3(I.S 


42.3 


40.39 


42.01 


43.19 


43.73 


44.32 


44.40 


45.29 




May . . 


47.94 


46,76 


4a U 


45.31 


4R.49 


43.99 


44.09 


^5.76 


55.3 


.^3.54 


62.64 




June . . 


5ttM 


6i.5 


62.31 


SI.3 


49.73 


47.44 


46.79 


60.14 


.■59.07 


sas 


67.59 




Jul;-. . . 


S0.6 


59.0 


aG.B 


54.61 


5*63 


5132 


4a6 


6.^04 


62.70 


fi2.92 


62.1 




August . . 


55.6 


A5.44 


66.2 


51.71 


53.14 


51.3 


49.73 


63:86 


6a39 


Ha36 


63.39 




September . 


n3.8g 


sa52 


63.39 


63.22 


52.1 


52. 1 


50.ai 


58.79 


59.89 


60.6 


61.24 




October . 


4a03 


4a23 


49.16 


48.39 


49.32 


49.8 


49.73 


52.0 


63.21 


65.42 


5a97 






3S.92 


40.3 


4£18 


10.81 


44.21 


44.64 


4&G 


44.14 


4&69 


4a8 


51.19 




December , 
Mean . . 


3S.4I 


35.14 


30.94 


36-78 


4a41 


4aH2 


4&2S 


41.38 


42.62 


44.63 


48.79 




43.79 


43.8 


43.9 


44.09 


46.22 


47i79 


4^2 


6uir 


51.8 


53.19 


52 95 




nimmin be-'l 


























31.27 


27.76 


24.55 


19.80 


1&22 


13.09 


7.99 


26.62 


23.96 


22.06 


20.2s 





* Gehler'fl Ncues WSrterburh, vnl. iii. p. 988. 

t Ure'a Chemical Dictionary. From llie anomalous result of the July ob- 
■ervation on the tbeimometer eiluated at a deplh of three tcet, of which no 
trace >b to be found in an? uF the resE, it seems that either an error In the nh- 
(ervation or a misgirint must Lave crept in. For which reason Kiimtz 
(Lehrbuch der Mei.eornlogie, vol. iL p. 183) adopted as (he actual ubservs- 
tlon the number 8°.65, which he obtained trum a fonnuladericed bj him from 
oI>3ervBtion, and thus obtained for the greatest yearly difference of tempera- 
ture 1 1°.99. 

X Fof^adorff '9 Annul, vul. xxxiii. p. 251. 

g IbiiL vol. xxxy. p. 13:1. 
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Thus we find that the muxiina and minima take place at an 
earlier period than that given hy t)ie llicnnumetrical obsena- 
lions made at greater depths in mines, which is in perfect ac- 
cordance with the theory. We see further, thai the differ^ices 
between maximum and minimum decrease with the depth, aod, 
indeed, much more rapidly than in the Satroii mines. This cir- 
cumstance again proves that (he tem|>erature of the air has a 
considerahle influenee on ubsLTvations in mines, and that a con- 
&tant tem)icralure would be luund at a much lesser depth, if the 
thermometers could be constructed of much greater length than 
four feet, and the temperature of the earth be ihus observed at 
a greater depth. 

It is very remarkable that the observations made at Jbbott- 
/tall and Brussels should give such a considerable increase of 
mean temperature at depths differing but by a few feet. As the 
observations at Stockholm shew but a scarcely perceptible in- 
crease of temperature, and as [tiey wore made with the greatest 
care, it is highly probable that at the other places the observa- 
tions were influenced by accidcnidl circumstances. 

Chap. IX. — Can it be maintained with certainly that the glaciers art 
melted from underneath lii/tlie internal heat of the earthy and vAat 
tkermometrical phenomena accompany glaciers in generalf 

The phenomena under consideration has already been pointed 
out by De Luc,* De Sau58ure,+ and other.'*, who have endea- 
voured to aceounl for it by the continual radiation of the inter- 
nal heat of the earth, Escher, \ who observed the glaciers with 
great caution, considers this melting of the glaciers from under- 
neath as an undeniable fact. He says, " They would soon reach 
the highest limits of the mountains between which they are coD- 
tained, were they not melted away from underneath by the in- 
ternal heal of the earth, so as to cause the underminings and 
fallings in, by which an equilibrium is constantly maintained in 
tlie mass of the glaciers, between the accumulations'at the sur- 
face and the loss sustained from underneath. It is by thia 

■ Rech. 8ur rAlmosph. ii. 32?. f Vojages dans les Alpes, g 833. 

J Gilbert's Annaler, Isix. p. 113. 
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means alone that spriugs are eoablcd tu take tht;ir rise undet 
the glaciers, and to flow uninterruptedly throughout the winter. 
Only in such places where these high glacier- bearing longitu- 
dinal valleys of the Alps are intersected by cross valleys, or 
where high glacier-bearing mountains stretch down into deep 
valleys, will ihe towering glacier masses be forced down thu 
sleep declivities, and urged forwards by iheir own weight into 
the valleys situated below the limits of perennial snow, where 
they wili continue uninterruptedly to melt away from under- 
neath, whilst their upper surface will only be melled during the 
warmer seasons." 

The melting of the glaciers from underneath can only take 
place where the mean temperature of the soil is above 32°. For 
at sucli elevations, where it is equal to or beluw 32", and where 
the glacier prevents the access of the warm summer air to the 
soil, it will no longer be possible for the ice to be melted on its 
under surface. Let us suppose an alpine valley, the mean tem- 
perature of which is 32°, to be covered with a glacier at a time 
when the temperature at the surface is also 32", and that the 
masses of snow have the same temperature, the snow will then 
neither receive heat from, nor give heat to, the soil beneath. If 
the temperature of the soil be above 32°, this excess of tempera- 
ture will be expended in melting a part of the snow, until the 
equilibrium be restored ; in the contrary case, the soil will re- 
ceive heat from the snow. The law of the decrease of tempera- 
ture from the centre of the earth to its surface is, therefore, not 
permanently deranged by a covering of snow, where the mean 
temperature of the soil is 32°, and it is consequently impossi- 
ble to conceive, that a greater quantity of heat should at any 
lime be emitted from the interior, by which the snow should he 
melted. The covering of snow will produce no other effect, 
except that the variations of the temperature of the soil, occa- 
sioned by the variations of the seasons, will be confined within 
very narrow limits, or if the covering of snow be very thick, 
that they will entirely disappear, However, as the temperature 
of the surface is only the consequence of the cooling of the 
earth, caused by the radiation of heat from its surface, which 
cooling is not compensated in all climates by the radiation from 
the sun, it is possible thai, beneath a glacier where no radiation 
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can (uke place, the original temperature of tlie soil may be some- 
what raised. At such clevatioDs, therefore, where the tnean 
temperature of the bo)! is 3S°, glaciers can only he lacJted od 
(heir upper surface, and during the warmer seasons, but in tbe 
winter no water can possibly flow from them. 

If the mean ttmperolure of the soil in the Alps, at an eleva- 
tion oi' 6165 feet, ia32<' F. (see Chap. XVIIIJ.gtaciers which lie 
at that height can no longer be roelled away from underneath,* 
It would be very interesting, for the further investigation of 
this question, to ascertain the height in various parts of the 
Alps, at which the mean temperature of the soil is zero. 

The lower extremity of the great Lamvtern glacier, on the 
Gemmi, \i^ Sioitzerland, is situated about 7000 feet above the 
surface of ihe Eea.'^ The mean temperature of the soil at that 
place must, therefore, he about 3+°. 47- On tlie 6ih September 
1S35, at a few hundred feet from the glacier, and eight feet from 
the bed of the brook, which at that time was dry, I found the 
temperature of the soil at one foot from the surface to be 41°.9; 
whilst at the highest point of the Pass of the Gemmi, which has 
about the same elevation aliove llie sea, it was only S8°.S. The 
former of these must, therefore, have been 44°, 57, and the lat- 
ter il^.Q"! above the mean, a result which nearly accords with 
the observations made at the depth of one foot, commiiDicaled 
in Chap. VIII, But I also observed the temperature of fifty- 
one fresh-water springs on the Spiial Matte, 5887 feet above 
the sea on the 3d September, and found the coldest of them to 
be 37°.8, and as, according to my observations on the tempera- 
ture of the springs of the mountains in the vicinity of my resi- 
dence ^see Chap. XVII!), this temperature must have been 



" Hugi (ace Berghaus AiiimL iii. 290), has given the height above the « 
of the lower ^xtreniitics of twelve glaciers in SwitserlatuL Aaioag these the 
Oberaar glacier (79E)a feet above the level of the sea) is the only one wbiA 
would not melt awaj from underneath ; all tbe reat are so situated as to IS 
belov the limit of 61G5 feet, and consequently into regions where the mi 
temperature is above 32°.0. 

t I found by my barometrical meaaurement, made between 300 and 300 
feet above its lower extremity, that its height was 7244 feet above the level 
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about 33°01 above the mean, the mean temperature of that 
spring must have bec-n about dG^.Sl. 

However, as these springs rise out of the limestone I'ocks, 
which are there so enormously fissured, and therefore probably 
rise from a great depth, it Js to be supposed that ihey are ther- 
mal, and that the coldest of them bears a higher temperature 
than the mean temperature of the place where it rises. If this 
is the case, it is very possible that the mean temperature of the 
soil on the Spital Matte does not exceed 32''.92, as was sup- 
posed in Chap. SVIII. 

Now, if the ntean temperature of the soil near the Lammem 
glacier is below 32°, it must be one of those glaciers which can- 
not melt from underneath. 

I was enabled to assure myself of the correctness of this opi- 
nion in another manner. The brook which flows from this 
great and broad glacier was on the 5th September so small, tiiat 
one might easily walk through it. Besides, even that small 
quantity of water seems for the most part to have proceeded 
from a waterfall, which precipitates itself into the glacier on the 
north side, and reappears at the lower extremity ; for during my 
stay there the temperature of the air was only 38°. 7, so liiat but 
very little could have melted away even from the upper surface. 
The water which trickled down from the surface of tiie glacier 
was also very inconsiderable. 

I learned from my guide, a well-informed chamois hunter from 
the Baths of Leuck, that the water of this glacier-stream de- 
creases as the seasons advance, and that in winter no more water 

iws out of the glacier. The same is the case with two small 
brooks, which fall in cascades from a small glacier, stretching 
down from the Dauhenhorn. There can be no doubt that these 
also only result from the melting of the ice on the upper surface 
of the glacier by the heat of the atmosphere. 

My guide also related to me some remarkable facts concern- 
ing the ice-cold, periodical spring of the Leibfraw, mentioned 
by Ebel,* situated 200 paces distant from the BaHts of Leuck, 
" lich are also corroborative of the above opinions; namely, 

■ Anleitung die Schweii zfi bereiseii Ziirich, 1810. Sd edition. Part iiL 
V p. 333. 
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when ill tlic spring, watir falls from Ihc Lotsck glacier over a 
certain rock, which ht jwinted out to me, three days afterwards 
it flows out at that prriodical spring, which has Gie outlets, all 
situated very ntar together, and, indeed, in such abundance 
that it might be used for driving a mill. This usually takes 
place in June; however, it depends upon the earlier or later 
commencement of the summer. These springs are also more 
copious the warmer (he summer is. When the water ceases 
flowing over the rocks, the springs also, after three days, disap* 
pear, and this usually happens at the end of August, or the b^ 
ginning of September. During my stay at Leuckerbad, iheSd 
and 4lli of September, the spring only flowed from one of iti 
onlets, and I learned from an engineer of the place, that the 
others had only ceased flowing a few days before. And, on the 
5th, I observed no more water running over the rock. I haw 
the less reason to doubt the information of my guide, as the low 
■ temperature of the spring (il".*) can only be accounted for by 
supposing it to come either from a great height or out of a gla- 
cier. In the latter case, it can only proceed from the meltinj; 
of the ice from the upper surface of the glacier during the sum- 
mer. According to Hugi the lower extremity of the Lotscfa 
glacier lies 6802 feet above the level of the sea, and conse- 
quently, according to Chap. XVIII., at an elevation where the 
mean temperature of ihe soil is S2°.0. 

It may therefore be assumed, that the glaciers in the Alpt, 
which lie more than 6165 feet above the sea, arc no longer melt- 
ed away from underneath, by the internal heat of the earth; 
but that they are melted only on the upper surface by the heat 
of summer, and by rains.» Thus, on the upper surface, a layer 
of ice, although, perhaps, a somewhat thin one, will be formed, 
under which there will be nothing but soft snow to an unknown 
depth. -)■ The thickness of this covering of ice will, of course, 
depend on the depth to which the water, resulting from the 
melting of the snow during the day, sinks and freezes during 
tlie night. 

' On the heights up to which the yearly fall of snow is melted sway again, 
tee Escher, p. laa 

t Von Buch in Gilbert's Aiinal., vol. xli. 15. I)e Saussure. Voynges, iL 
314, % 530. 
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If wc trace a glacier i; 
that the crysialsoFice become continually harder, til), at a certain i 
height, it consists of nothing but a loose granular mass of boow, 
which, in Switzerland, is called Firn* The height at which this 1 
Fim first appears, and which Hugi proposed to call the Firn-iine j 
( FimUnie) is, according to his observations in the Alfs, a fixed | 
line, which undergoes neither elevation nor depression, whether 1 
on a northern or southern declivity, or from any other cause. 
He found the Firu-l'me, from observations on a great number ' 
of glaciers, to tie between 7614 and 7698 feet above the level 
of the sea. In the Pennine Alps, the Firn-line seems to lie 
somewhat higher, at least the observations on the Gries, and on 
the ridges of the Binnentltal, give it at near 7800 feet. Gla- 
ciers properly so called do not reach this Firn-line; for, at 
Ihe height of 7600 feet, where the mean temperature, according ' 
to Chap. XVIII., is about 36°.5, the glaciers of the ^* are 
quickly converted into Firn.-f 

All these circumstances may be satisfactorily explained, if we . 
consider that, where the mean temperature of tlie soil becomes J 
32".0, the glacier no longer melts away from underneath, but 
only on its upper surface, during the summer. The greater 
number of the glaciers in the Alps extend far below the limit of 
6166 feet, and consequently rest upon a soil, the mean tempera- 
ture of which, if not covered with ice and snow, would be 
above 32", It is this excess of heat above 3K° which may 
possibly be employed in promoting a continual melting of the 
glaciers from underneath. Theoretical considerations bring us 
to the following conclusions : — The covering of an alpine val- 
ley with a glacier, causes a disturbance in the original law of 
the progressive decrease of heat from the centre of the earth to- 
wards the surface, which cannot be repaired so long as the co- 
vering remains ; but the law is not entirely destroyed A dis- 
tinction must therefore be made between the actual temperature 



' Hugi in Bergbaus Annal, iiL, 295, Some of the assertiona of thia dili- 
gent explorer of tbe Alps, maj perhaps be found to rei^uire eodio corrections, 
when subjected to a closer invesligation. It certunlj is not true that the 
roasses which are cotiverted into glacier ice lie deeper the higher the glacier 

M above the Fim. I. 1. p. 394. 
. P- 283. 
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of the soil beneath the glacier, and that which it would other- 
wise have, considering only its latitude and elevation above the sea. 
The difference between these two is the expression in degrees 
of the thermometer, for the quantities of heat communicated 
from the earth to the glacier lying upon It. The quantity of 
ice melted from the under surface of a glacier, in a certain time, 
would give an exact measure for the quantity of heat radiated 
from the earth. But we have no means of ascertaining that 
quantity with any degree of certainly. It is well known thai 
stones, wood, corpses, &c. which fall into holes and fissures in 
the ice, but do not reach the bottom of the glacier, are again 
brought to the surface by the melting of the ice on its surface.* 
In the year 182S, Hugi buried several stones from ten to 
twelve feet deep in a glacier, and covered them in with ice, and 
the following year they were all on the surface again. This 
would give a measure for the quantity of ice melted away from 
the upper surface, and the absolute sinking of the stones would 
yield a measure for the melting of its under surface, did not the 
movement of the glaciers (the openings of the 6ssures), &c. oc- 
casion frequent changes rn the position of the stones,-f* and if the 
angle which the under surface of the glaciers makes with ite 
horizon were not unknown. X 

■ The cammoQ penple in the Alfi say, that the glacier will not suiter aoj 
fbreign matter to remain in its interior. And, in tact, I have in vain endea- 
voured lo discover even a single itone in the exposed mosses uf iceat the ex- 
tremity of the glaciers. This is very plainly exemplified at the upper Grta- 
Helwald glacier, where perpendicubr walla of ice, of mare than 100 feet In 
height, are exposed to view. See BisseU, in Gilbert's Annal., voL ixlv.p-igs. 
However, at the \o9er GrindelanM glacier , the walls of ice are eeen to betn- 
veised by stripes, coloured brovnieh by earth. 

t Kiinitz, in Schweigger — Seidel's Journal, vli. p, 361. 

J From Mr Stahlin'a daily obaervationa of the height of the Rltine at i»- 
M^ continued from 1609 to 1820, Eacher calculates (Gilb. AmiaL,lxx. SOS) 
that the Bhine carriea off one l>illlon and 48,000 million cubic feet of wster 
yearly out of 5'idi«T(an4 Now, auppoaingonly one-half of this quantity topro- 
ceed Immediately fi'om the glaciers, and that of the fifty square German mile*, 
which are oald by Ebel (Part iil. p. 131) to be occupied by the glaciers of the 
Alps between lUonI Blane and the frontiers of Tgnlt only twenty square 
miles are tributary to the Bhine ; then, if the spediic gravity of the water 
be considered equnl to that of the ice of the glaciers, we find that, on an 
nverage, a mass of ice of fifty feet in tiiickness is melted awny yearly fi-om 
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AUhough it was to be expected a priori that the temperature 
of the soil under glaciers, however low they mightexiend, would 
never be much above 3S°.0, yet I was desirous of satisfying my- 
aelf on this point by direct observations. 

Very near the lower extremity of the lower glacier of Grin- 
tkbeald, on the 25tli August 1835, I bored a hole six inches 
deepinto the ground, and placed a thermometer in it. It marked 
S&'.S. At the upper glacier I found a temperature of 39°-8 
twelve inches deep in the ground, as near to the ice as possible, 
but separated from it by the glacier stream, called the Black 
Luischine. That neither of these temperatures was as low as 
3S°.0 is not lo be wondered at ; for, although they were observed 
as near as possible to the ice, yet these points were exposed lo 
the air, which, at the lower glacier, had a temperature of 39°-8, 
and at the upper 45°.5. How trifling the distance is to which 
the coldness of the ice and the water issuing from the glaciers is 
felt, is proved by the latter of these experiments. The hole 
was bored so near the bank of the LutscMne, that its waters, of 
SS'.S, almost washed over the thermometer, yet did not quite 
communicate with the hole ; and, notwithstanding this small dis- 
tance, there was a difference between them of 6°.53. In like 
manner I found adtfference of S'tK) between the temperature of 
the earth and that of the stream, immediately on the bank of 
the (Schwarze Lutschine) Black Lutschen, near the bridge, be- 
tween Grindelwald and the lower glacier, and at a distance of ■ 
only eight paces, the difference was \^.¥3. There can, there- 1 
fore, he no doubt, that an observation made directly under the ■ 
ice, would give a. temperature very near SS^.O. I say very near 
zero, for the temperature of the soil under glaciers is seldom ex- 
actly 33°, since the streams that issue from glaciers, at the very 
moment of their exit, invariably shew a temperature a little 
above 32°, For example, six observations on the streams which 
issue from the lower glacier, at Gi-indelwaM, all gave me a tem- 

those glaciers. Tbose natural phllasajihcrs who reside in the A!p», and are 
able to make their eBtimates more exactly, mav easily mate the necessary 
correctionB Inthis caleutatian. 

■ Even if theilony nnture of the soil under the glacier had allowed of such 
on eiperinieDL, the result would have been equally undecisive, as it wuuld 
"ardly have been possible t9 prevent the infiltration of water into the hole, 
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peralure of 32°.9, another very small stream shewed SS^.T. The 
bnwic wliicti Uovrg from the upper glacier, gave a teniperature 
of 33^.3, and that of the fjammem Sit A. As my thermometers 
shewed exactly 32°.0 upon being plunged into a hole in the 
melting glacier, it is certain thnt they were correctly graduated. 

There are three causes lo which this elevation of temperature 
may be ascribed ; firstly, the warm air drawing into the ice-ca- 
verns from which these glacier-streams issue, may tend to rdse 
the temperature of their waters. This" may be the case espe- 
dally in the lower Grindelwald glaciei' ; in a lesa degree in the up- 
per Grindeljvald and Lammem glaciers, because in neither of 
them does the water issue from caverns in the ice, hut flows im- 
mediately from under the ice ; secondly, the heat of the earth 
may assist in warming them ; and thirdly, springs and streams 
of water, coming down from the mountains between which the 
glacier is enclosed, and flowing undirneath the glacier, may also 
assist in raising their tempcraiure. This seems indeed to be 
the case with the upper Grlndeheald glacier, and may account 
for the high temperature of SS'.S of the Schwarf^c Lutschine\ 
namely, from the Wettcrkorn there descends a considerable 
brook, the Weisbach — and from the Metlenberg a still larger 
one, called the Milchbiich, both of which penetrate into the gla- 
cier, the one on the east, the other on the western side. Althou^ 
these streams are nothing else than glacier- streams, proceeding 
from the upper parts of the glacier, yet during their course 
above ground they will acquire, in the warm seasons, a higher 
temperature, which they will afterwards communicate to the 
other waters with which they unite beneath the glacier. That 
there are currents of air between the descending stream of wa- 
ter and the ice, notwithstanding that there is no cavern in tbis 
glacier, is proved by the well-known adventure of the Jnn-keep- 
er of Grindelwald, Christian Boren, who fell into a crack SS4 
feet deep in this glacier, crawled up 396 paces on his belly in 
the bed of the Weisbach, which he was three and a half hours 
in accomplishing, and came out on the fVcllerhorn, where the 
Weisbach enters the glacier, having sustained no further injury 
than a broken arm. His son told me that his coat buttons were 
all rubbed off except the two lop ones. 

The canal was therefore very narrow," but yet, of co\irsc, fill- 
ed with air. 
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That ihe above causes tend in most cases to raise the tempe- 
rature of the waters which issue from them, is also proved by 
the observations made at my request by ray friend Professor 
Ennemoser in Tibial, in the summer of 1833. At ten difl'erenl 
parts of six glaciers, he found the temperature of the water to 
rise as high as 34'.2. The large brooli, which issues from the 
Pfelderer glacier, shewed at its first appearance a temperature 
of 35=', 8. This high temperature was probably caused by this 
glacier having a souiheni aspect, and by the cavernout of which ' 
the stream flows extending itself very far beneath the glacier ; I 
for Ennemoser succeeded in penetrating lo n great distance into 
the cavern, along the bed of the brook, and saw that the cavern 
extended much farther. And as the observation was made in 
July, there is the more reason to believe that this stream was in- I 
debted for its iiigh temperature to warm currents of air. 

The waters which collect on the glaciers themselves, as well 
as those which lie stagnant in holes in the ice, I found from nu- 
merous observations in tlie Etsmeer of the lower GrmdelwalA 
glacier, and on the Lammcrn glacier, to have a temperature al- 
ways between — 32^3 and 32".0. Into one of these boles, 
which was 8J feet deep, with almost perpendicular walls, and 
the opening of which measured 2^ square feet, \ sunk a glass 
bottle, which had been previously filled with water, of the sur- , 
face of the hole, nearly to the bottom. I enveloped the bottle 
in wood-shavings, in order to prevent the contact of the glass 
with the ice. After the bottle had remained there 65 minutes 
I drew it quickly up, and found the temperature of the water 
to be -|- 32°.4 At the surface, the temperature in this hole had 
a temperature of exactly 39".0, while some which ran slowly into 
it out of a crack, about one inch deep, gave a temperature of 
— 32°.2. The water which had collected in another hole, six feet 
deep, showed a temperature of -f- 32°.4! already at its surface. 
These observations prove clearly, that water which lies stagnant 
in holes in the ice, is warmed at its surface by the contact 
with the air, and, being thus rendered heavier, sinks to the bot- 
well known that Rumford* has endeavoured to 
e formation of these holes in the glaciers, as well 



• Gilbert's Annals, IxviiL 363. 
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lUeir becoming deeper during (lie warm M-asons, by Uie sinking 
of tlie particles of water, which have been warmed by the warm 
air Bt the surface, into the ice, by which the ice is melEed away 
in a perpendicular diiection. The holes seem, however, to owe 
their first existence, as Ebel* obwr^es, to stones, which become 
healed by the sun to a greater degree than the surrounding ice, 
melt away the ice around them, and thus penetrate into the gla- 
cier And, in fact, whenever I have been able to see to the 
bottom of such holcf, I have invariably discovered one largnor 
several small stones. It is evident that these stonca can onljr 
continue to sink docper into the ice, so long as the summer lastfi, 
for after the water in them has become frozen during the toi- 
lowing winter, the conditions necessary for the further Einkii^ 
of the stones in the ensuing summer can no longer exist. On 
the contrary, the melting of ihc ice from the surface, gradually 
brings the stones out again. This sinking and reappearing of 
the stones may he continunlly repeated, until they reach the 
lower extremity of the glacier, or are precipitated into clefts, 
which extend to the bottom of the glacier. In this manner the 
stones may, by the sliding of the glacier, be made to perform n 
journey en icMons.-\- 

As these holes in the ice never reach the bottom of the gla- 
cier, and Qs the water which falls into the clefts is never above 
82°, it is not possible that the water, which fitters down from 
the surface to the bottom of the glacier, should come there wi& 
a temperature higher than 32°.0, which they have when th<y '» 
sue in streams from the lower end of the glacier. We are, 

" LoBo citato, part iiL p. 1 17- 

■f- Tfaii leems to me to account very plainly for snolher phenomeaoni 
namel;, since the glacier consists of a mass of snow irregularly intermixed 
witii frozen water, and Is consequently granular opaque, and verjr different 
fVom ice formed by the freezing of etugnant water, we ought to be able to 
distinguish tliat ice which was ronued by the freezing of the water in holes In 
the glacier, from the rest of the mass Dftbeglacler. But Escher remaifa, that 
not one of the philosophers whohave explored the Alps has been able tomake 
such a distinction. {See Gilbert's Annals, Ixii. UOJ. It is, however, evi- 
dent, that it must be eijually impossible to find any of the Ice formed in the 
clefts of the glaciers, at the lower extremity, as to find the stones, because, 
when these reappeared at the surface, the ioe by which they had been corered 
must necessarily have been melted away. 
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Itierefore, obliged to have recourse to the above menlioned 
sources of heat, in order to account for this high temperature. 

But if, as was to have been expected, a priori, tlie tempera- 
ture of the water precipitated inlo the clefts of the glacier, is 
32°.0, and if, as our experiments seem to shew, the highest 
temperature which it assumes before its exit at their lower ex- 
tremity, is 3o°,9, then can the temperalure of the soil beneath 
the glaciers nowhere be much higher than 32°.0. This only re- 
fers to the warmer seasons ; but as beneath the glaciers the earth 
is protected from the cooling effects of radiation, as even a very 
considerable degree of cold in the atmosphere is not capable of 
penetraiing through a mass of ice of Beveral hundred feet in 
thickness, and as, during the winter, the cold is almost, or per- 
haps entirely, prevented from penetrating into the caverns in the 
ice, by llieir being choked up with snow and ice, the tempera- 
ture of the soil under the glacier will, even in winter, hardly !» 
reduced below 32°. The yearly mean temperature of the soil 
under glaciers is, therefore, without doubt 32°. 

The lower extremity of the lower Grindelwald glacier, lies, 
according to my barometrical measitrement, at an elevation of 
29S9 feet above the surface of the sea, in a region where the 
mean temperature of the soil is much above 32°. 0. Up to the 
EUmeer^ at the foot of the VisclihonUT, the glacier rises to a 
height of 2140 feet. So that even the Eismeer, at a height of 
5129 feet above the level of the sea, lies in a region where the 
mean temperature of the soil is above 3S°.0, Up to this limit, 
then, the glacier may be melted away from underneath, but not 
above this. 

In Grindelwald, 248 feet above the lower extremity of this 
glacier, I found the temperature of the soil one foot below the 
surface, on the 26th August, to be SG".?; on the Meiterberg, 
near the Eismeer, and on the same level with it, it was 46°. 5. 
At the former place the mean temperature will, therefore, not j 
be much above 43° .2, at the latter hardly 36°.6. 

Glaciers may be indirectly melted away from underneath at ^ 
the expense of the internal heat of the earth, when, in the higher 
regions of the glacier water descends through cracks and fissures 
deep inlo the earth, and, having there acquired a higher tem- 
Krature, reappears beneath the glacier at a lower point. Thiaa 
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will more especially lake place when the glacier rests, as mostsf 
those in the high lands of Bern do, an very fractured limeeloiie 
rocks, in which we so frequetilly sec rivulets disappear in the 
upper regions and shew themselves again lower down. I bate 
witnessed many examples of this in liie valley of the lAtUdrnt 
between tnterlacken and Gfmdelviald, on ihe Spital-Matte, and 
on the Gcmmi. With a little attention many more such ex- 
amples might l>e discovered. Diix-ctly on the north side uf tile 
heap of debris, (Gandecke) of 77 feet high, near the opptr 
GrmdelieaUl glacier, close to the Bergclbm-h, I found four springt 
whose temperatures were from 37°. 4 lo SS^.S, and which, atlhey 
are situated 40 feet below the lower end of the glacier, certwnlj 
owe their existence to water niched from the glacier, which flowi 
down through clefts and underneath the glacier, from the higher 
regions. The low temperature of these springs, together with 
the appearance of one on ihc heap of detritus itself, having a 
temperature of Vl°A, and which could, therefore, not proceed 
from the glacier, arc a sufficient proof of this. In former times, 
according to Ebcl,* in the year 17S0, when the glaciers prolw- 
bly also covered these springs, the case now under coasideration 
must have taken place. 

In like manner, but in a higher degree, the melting of ^ 
glaciers from underneath, by means of the springs which descend 
from the lateral mountains, will take place, as we have htSat 
said, when they rest upon a rock, which is almost or entirely fiee 
from fissures. On the road fiom Grindelwald to the EtmutTt 
on the eastern declivity of the MettE^iherg, I found more tbaa 
14 springs and brooks, which altogether carried off a very coo- 
Giderable body of water. Their temperatures varied between 
4S='.01 and 49'.S, and their mean was 45'.83. It is true that 
several of these waters only proceeded from the rain and sooV) 
which had fallen during the last few days, and that only a fc|r 
of them fell under the glacier ; but there were several others, rf 
which even the oldest came down under the glacier, between the 
ice and the side of the mountain, with a temperature of 42.'*01. 
It cannot be doubted that, even in winter, the springs which rise 
in this space must flow under the glacier. 

' III. p. 173. 
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As water of 41°, according to Rumford's* expeiimenls, when 
left for 30 minutes in contact with ice of 32°, melts away about 
j'y of its own weight from the ice, and becomes S° colder, it will 
melt about one-eighth of its weight by the time that it reaches 
32°, This will give an approximate measure of the increase of 
a spring, of the above temperature, which flows under a glacier. 
The springs at Leuckerbad,\ which rise in such enormous 
quantities, and with a temperature between \\5°.% and 124°.0at 
a height of 4295 feet above the level of ihe sea, render it very 
probable that hot springs may also conic up under glaciers. J 

■ Gilbert's Annal. vol- i- (i. 334. 

"t" Besides the large or LoretisB sjirlng, whicb risea like a brook in the front of 
the Batb.boiiae, and ha the warmest, I found twelve others ut ulittle distance 
from the village, un tbe north-eaat side, which are all unused except two, ami 
run into tbe Dala- 

X Man/ a warm spring may perliaps lie conr^alod in the deep valleys of the 
Alps. And as, in funeral, such sprinf^riae according to tbe laws of bydrosta. 
tica, at the lowest part of tbe vatley, we must expect to meet with Ihem in the 
bed of the glacier streams. But there they can only be seen during the winter. 
Thus, in tbe winter of 1831, some fisbeimen for tbe first time discovered a 
warm spring of 113° in the bed of the Rhone, near the viUage of Latiey, to 
tbe south-east of Bex, which tbe government of the canton Waadi caused to 
be enclosed, and whicb has been raised since then to a watering-place. (See 
Ann, de Cblm. et de Phys. voL IviiL p. 103, and Journ. fiir Pract Chemie, 
vol. ii. p. 82.) The fissures certainly descend to a great depth in some places 
into the interior of the rocks. This is evident from tbe water which oozes out 
at the foot of the high and naked L'lifi's of limestone. A most striking example 
of this is presented by the mountain over whicb the wonderful pass of tbe 
Gflnmi leads, and which rises perpendicularly to the height of about SOOO fteL 
From all points of this ells', trom top to bottom, drops of water are seen to 
crude, and for the most part to unite below into a small brook. As when I 
crossed this pass, it had not rained during the last five days, this water must 
have come out of the interior of the rock. This is also very strongly corro- 
borated, hy the fact that the Daubinaee on the Geiami, which measures one- 
half a league in length, has no visible outlet, although it receives the water 
which comes ftom the great Lammerr glacier, as well as all the rain and snow 
which &lls upon tbe surrounding high mountains ; further, that several small 
streams which come from the Davbenhorn, gradually lose themselves in the 
earth ; and, lastly, that on the Geituai (as iu the limestone rocks of Cniin, es- 
pecially near Triale and Fiutae ; see Gilb. Ann. vol. x!vi. p. 408, and on the 
Wwtemberg Alp, see Eastner's Arcbiv. y. 34) are found funnel-shaped holes, 
into which the rain-waters disappear. But waters thus sinking here and in 
other places through high mountains into the interior, will become heated, 
Mid will retiun to the surface in tbe valleys as warm springs. Examjiles of 
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The lower extremities of die two GrtR(if/ica/t2 glaciers lie reapec- 
lively 1306 and 57! feet lower than Leuckerbad. But warm 
springs may be mel with at a still greater luight than Leucker- 
bad. (See Chap. XVII.) 

If we suppose the melting of the glaciers from utiderneath to 
be a ConBequence of the internal heat of tiie earth, we must also 
imagine it to be totally independent of the seasons, and that it 
takes place iti winter as well as in summer Saussure," Escher,-|' 
Ebel,]: and others, inform us that the glacier streams flov dm 
in winter; however, the latter observes that they are less copioui 
in ihat season. 

Although the testimony of such philosophers as these, ren- 
dent in the Alps, and gifted with ^uch talent for observation, 
would be sufficient, yet I endeavoured dilring ray stay in the 
Alps to obtain information myself upon this subject. AH the 
inhabitants of Grmdelwuld, of whom I made my inquiries, 
agreed in assuring tne that the lower glacier does not yield a 
single drop of water in the winter, but that the upper one con- 
tinues lo Sow uninterruptedly. Supposing this information to 
be correct, I thought this difference might be explained by sup- 
posing that, as the brook which issues from the upper glacier has 
a. temperature 40.50 higher than that of the lower, its flowing 
uninterruptedly might be due to springs rishig beneath the gla- 
cier. The chamois hunter I before mentioned, told me that the 
Data, near Leuckerbad, which springs out of a glacier banging 
down from Balmhom, and also the Massa, which issues from 
the great Aleisch, a glacier extending from 9 to 11 leagues down 
from the south side of the JuTigfrau^wniX terminating within two 
leagues of the Rhone, flow throughout the winter. But the up- 
per Lotsch glacier, as I have already observed, does not yield a 
drop of water during the winter. In hke manner, Ennemoser 
was informed that the Pfilderer glacier in Tyrol runs in winter 
as well as in summer. 

fissures extending ti) > great depth, and which are particularlv frequeat ia 
the liraastones, are to be found in the Jura, as for instance is proved \ij the 
Otit spiliig, which ia nothing else than the outlet of the lakes in the vallej of 
Joux, which lie GBO feet above it.— Voyages dans lea Alpea, vol. L p. 309. 

Ebel, pHrtiiL p. 221 and 686. 

• Voyagea. L 463. t Gilb. AnnaL vol. liix. p. 1' 

flbldiii. 131. 
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The scienlific zeal of Mr Ziegier, the pastor of Grvndelvicdd, 
aBil the observatiuns so readily undertaken \>y him, and to which 
we shall return in Chap. XVIII. have enabled me to add to the 
above something more saiisfactorj. To his observations on the 
temperature of the soil, made at the depth of four feet near the 
lower glacier of Grindelwald, Mr Ziegier added observations on 
the mi'lling of the glacier itself during the last winter. The for- 
mer will not render us any assistance until next September, when 
the yearly series will be finished, but the latter has already yield- 
ed some very valuable results. 

Ttmperalarc of the Soil. 
1835, 

Sept. 23. 38M. 

Oct. 27. 36*.tl. The temperature of the olr iiiside tbe kc-grocto, dose to the 
ice was 3T,S. The glucier melted away almost Imperceptibly. The 
water whii'h issued from tlie cavern was perfectly clear. 

Dec 9. 33°.3. South-weat wind (called in SwiUerlaTul l;'fihn) ; the temperatuie 
oC the air close to the glacier was 4S°.& ; the glacier melted awaj. 

Ueo. 3a 32°.7. Tbe temperatureoftbe&'Aau>r>ei.ub(TAtne under the Ice, near 
the Mettenberij Bridge, was 32°.2. The severe cold, which continued 
through the whole of Dei:ember, began on the 0th. From thia time no 
more melting of the glacier could he perceived ; indeed the water, which, 
on tbe Sd December, and perhaps for a, tew days atlerwards, woa dear 
and of a greenish colour, and which probably proceeded, oa is the general 
opinion of the inhabitants of the place, from tbe biouks and springs, 
which throw themselves into the glacier above, was frozen to tbe bottom. 
This was observed, not only in a hole under the ice, which tbe inhabitants 
of a neigbbuuring cottage had made in the first covering of ice for the 
sake of obtaining water, but also in the ice-grotto itself, where Mr 
Ziegier had the ice broken up with a pick-axe, in order to ascertain the 
fact. 
1831!, 

MoTch 1. 32°. 2. About the middle of February a rapid thaw look place, which 
lasted several days, and some persons assured Mr Ziegier that water ran 
from the glacier during that time ; but it soon froze again to the bottom, 
and on the 1st March not a trace of water was to be seen. 

April 4. 33°.l. Still no water mode its appearancei and even on the 14th of 
April, the covering of ice and snow over tbe glacier stream was not bro- 
ken, although there were frequent thaws throughout the month of Marcli, 
and in the first half of April there fell a great deal of rain mixed with 
■now. Mr Ziegier, however, suspected that the water would soon hurst 
violently forth, and overflow its customary channel 

These observations of Mr Ziegler's corroborate the inform - 
tioii obtained from the inhabitants of Grindelwald. They prove 
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that, in llie winter, no more ice is melted away from ihe lower 
end of the glacier. And this vns no more than was to be ex- 
pected, as the freezing lemperalure to which the soil beneath 
ihe lowvr end of the glacier is exposed in winter, must neces- 
sariljr cool it down lo ihe freezing point, or still lower, Tltew 
observations also prove, llint even at the depth of four feet, the 
earth was reduced to the freezing point, so that at a less depth 
the temperature must certainly have been below 92". But 
from this it by no means follows, that the temperature of the 
soil under the glacier, at a distance from its lower extremity, 
where it is not exposed to the immediate ipfluencc of the frost, 
is reduced to so low a degree. We must, therefore, still bIIow 
of the possibility of the melitng away of the glacier from under- 
neath, at the expense of the internal heat of the earth in those 
places. In this case, however, the water cannot effect its escape 
from under the glacier, because so soon as it approaches the 
lower e.itremity, it must freeze, and form such a dam of ice u 
to prevent all possibility of escape. 

If it is as certain thai some glaciers yield water in the winter, 
as that others ^ve none, there seems scarcely any other mode 
of accounting for this difference, than by supposing the meltnig 
of the under surface of the glacier in the latter case only to be 
effected at the expense of the internal heat of the earth, and in 
the former by the additional assistance of springs, by means of 
which the water, even during the winter, acquires a temperature 
higher, though perhaps but by a few tenths of a degree, thoD 
the freezing point, which renders the uninterrupted efflux 
possible. 

But where do the waters remain which in winter ceue to 
flow from under the glaciers .' Ebel* relates, that, in winter, 
nothing is to be seen of the caverns in the ice at the lower end 
of the glaciers : they are covered with snow and ice, but in the 
spring and summer the swollen streams break through the ice, 
and form caverns of 100 feet in height, and from 50 to 80 feel 
broad, the shape and size of which arc variable. 
This Bwellingof the water might, indeed, be attributed totbe 
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spriug raiijs, wkiuli re-upeu the fissures in the ice, whicli had 
\}eea stopped up with snow during the winter, and carry down 
great quantities of water, which burst it passage through the 
choked caverns. But if the taverns should be thus burst open 
before the fissures haii been cleared out by the rains, the passage 
could only have been forced by the water wliicb had collected 
under the glacier during the winter,* But as in glaciers which 
rise to a considerable height, the lower extremity lies in a much 
warmer region than the clefts into which the waters are precipi- 
tated, it might be expected that the caverns would be reopened 
sooner than the clefts in the glacier. It is not beyond the power 
of human observation, in the spring, to ascertain the real fact 
concerning this phenomenon. Well informed chamois hunters, 
who ascend the glaciers at almost all seasons, would be the 
most proper persons to undertake such observations. 

There is another method, which, if pursued with caution, 
would give some information respecting the melting of the gla- 
ciers from underneath, — namely, if we suppose the glacier 
streams only to proceed from three sources ; first, from springs 
and streams which sink into the glacier in higher regions; se- 
condly, from the melting of the ice during the summer months 
on the upper surface of the glaciers ; and, thirdly, from the ice 
melted away from the under surface of the glaciers, their con- 
(cnls of fixed substances must be different in the different sea- 
sons. The quandty of fixed substances contained in the streams 
which fail in the course of a year into the glaciers, as well as in 
the springs which rise underneath them during the same period, 
may be considered as constant. The water resulting from the 
melting of the glaciers on their upper surface during the warm 
season, can contain scarcely a trace of fixed substances, and that 
only when the glacier is covered with heaps of rubbish (guffer- 
linien). However, as these waters are precipitated into the fis- 
■8 in the ice, and thus unite beneath the glacier with those 

' the streams and springs, tliey are enabled to take up fixed 

* SutiternmeBQ acciimulBtiona nf natei actually exist in the winter occnrd- 
.0 Ebel (part ii. p. 96), between the Faliorr glacier and the perpendicular 
Srall at lUenlnaiTji'oT a hole in that neighbourhood (called the Gouille i Vaiaii) 

4 feel deep, remains from the autunin till July full of wntsr, which in 
tf uly breaks through under the Valsori glacier, and fomis ice caverns. 
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porticlcB rrom the rock^ over which they pass. Bui il is hordlj 
to be expected that they would dissolve any other sub§taiicei 
than carbonate of lime, if the rocks contain that substance ; for 
HG cannot suspect the presence of any more soluble salts in the 
rockd, because if they had ever existed, they would have been 
washcil away already long since. The ijuaniity of carbonate of 
lime which they dissolve, must also be very inconsiderahlr, as 
they have no opportunity of absorbing carbonic acid, while the 
atmospheric waters whicli supply the springs are already partly 
impregnated with this acid, and arc also supplied with it from 
the superficial soil through which they pass. The same train 
of reasoning is of course also applicable (o the water melted 
from the under surface, whether at the expense of the internal 
beat of the earth, or by the heat of springs and streams of 
water ; hut wiih this difference, that in this water we may sus- 
pect the total absence of carbonic acid, and consequently ^ 
least possible power of dissolving the lime. So that the more 
melted ice is mixed with the streams and springs under the gla- 
cier, the more will their original contents of fixed substances, 
and especially of very soluble salts, be diminished ; and thus we 
may expect to find the smallest proportion of fixed substances 
in the streams which issue from under the glaciers, in summer, 
and the greatest proportion in the season when the melting of 
the glaciers almost or entirely ceases. From this we see that, 
by analyzing the water of the glacier-streams at various seasons, 
we may gain results, from which the quantity of ice melted 
away from the glacier may be inferred. If, for example, an 
analysis were made at the time when the temperature of the at- 
mosphere is brought down just below 32°, the water could not 
possibly l>e mixed with any but that melted from the under 
surface of the glacier. If at the same time several neighbour- 
ing springs were also analyzed, and if the weakest among them 
still contained a greater proportion of fixed parts than was found 
in the glacier-stream, it might be concluded, with great pro- 
bability, that the glacier still continued to be melted away on its 
under surface. Id those glacier streams which flow throughout 
the winter, as, for example, that Avhich issues from the upper 
Grindelwidd glacier, the analyses might be continued in the 
severest frosty weather, and if it should he found always to coa. 
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tain less fiseJ parts than the neighbouring springs, it would be 
a proof that the glacier still continued to melt away from under- 
neath ; while on the other hand, if" the quantity of fixed sub- 
stances should be found to increase till it became equal to that 
in the springs, it might be inferred that the melting of the gla- 
cier had ceased. 

I confess that the conclusions, drawn from the results of such 
experiments, would only be within the range of probability. 
But what is left but probability in a field where absolute cer- 
tainty is hardly possible to be attained ? 

An excellent spot for making these experiments would be 
Grindelwald, where in the winter one glacier, the upper one, 
always yields water, while the other, the lower one, gives none. 

Mr Pagenstecher, the apothecary at Bern, had the goodness 
last autumn, at my request, to subject the water of the Lut- 
achiTie, which issues from the lower glacier of Grindclwald, to a 
chemical examination, and communicated to me the following : 

This water was taken from the cavern on a fine clear day near 
the end of October 18S5, under the inspection and direction of 
Mr Zeigler, who sent it to Mr Pagenstecher with the following 
remarks. *' At the time the water was taken, I ascertained that 
the glacier did not melt in the least. Last Sunday, when I also 
viated the glacier, it already melted but very inconsiderably, al- 
though the wind was from the south-west. On the bottom of the 
cavern wherever the rays of the sun did not penetrate, at this I 
season the sun did shine on the lower end of this glacier only for " 
one and a half hours during the day, I saw small icicles similar 
to those, which are formed on the roofs of houses. It is, there- 
fore, highly probable that the clear transparent water which now 
issues from the glacier proceeds only from springs ; at least I 
cannot imagine how it could possibly be supposed to result even 
in part from (he melting of the ice." When the water arrived 
at Ber7i it was also clear and colourless, and no trace of sedi- 
ment would he perceived in the bottles. As the quantity of 
water evaporated and used for the analysis was as much as 658 
ounces, Mr Pagenstecher was able to determine the ingredients, 
even in the most minute quantities. In 1000 parls of water the 
following ingredients were found : 

F 2 
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Carbonate of lime. 0,40636 ; carbonate of magnesia, 0,01900 ; 
silica, 0,03482 ; alumina, 0,00950 ; snlplialc of smta, 0,07345 ; 
sulphate of lime with wateroferystalUsalion, 0,80711 ; sulphate 
of magnesia, 0,14881 ; uxidL' of iroo, a trace; organic matter,! 
trace ; = 0,99795 : Loss, 0,03102 ; = 1,02897. 

No fluatea, phosphates, nor stroniiun, could be found. Mr 
Pagenstecher had the goodness at the same time to undertukeihe 
analysis of the waters of the Jar and the Rhine. The former 
was taken from the middle of the stream near Bern, when the 
weather was fine and the waler perfectly clear ; and after twenty- 
four hours not the slightest trace of a sediment was to be per- 
ceived. 

The Rhine water was taken near Basel, at some distance from 
the bank, also at a lime when the river was perfectly clear. Id 
the bottles in which it was sent there was no sediment, and the 
water was clear and colourless. 

The analysis gave the following result. 



CarboHQleof Lime, 


1,62191 


CarbQaate of Mugneeia, 


0,ieS34 


Silica, . . 


0,O2G93 


Sulphate of Sixla, 


0,OOB02 


SuIpLate of Limp, with wa 


erof 


crysCaUisstion, 


0,1 7420 


SulpbateofMagneaia, 


0,3C006 


Chloride of Sodium, . 






0,00387 


Alumina and Oxide of Iron, 


a trace. 


Urganic matter, 


a trace. 




2,lfi382 


Loss, 


0,049112 




If we compare the analyses of these three waters, we finds 
very near resemblance in their component parts : the only difier- 
ence being, that in the Lutschine the chlorides aie wanting which 
are found, although in but small qu.intities in both of the others. 
They do not, however, correspond so nearly in the quantities of 
the various parts ; on the contrary, the difference is here very 
great, for the Lutschine is distinguished by its far greater purity, 
that is to say, by its comparatively small contents of fixed sub- 



I Hot and Thermal Sprinffs. 8S 

ances. Yet it does not contain so little, as Mr Pagenstecher 
very justly remarks, as to lead us to suppose the water of the 
Lutschine to be only the product of the melting of the glacier, 
under which it takes its rise; but from the nature of its ingre- 
dients we should be inclined to consider it as entirely composed 
of the water of springs, or at least, with but a small admixture 
of glacier- water. 

The comparison of the water of the Latsckine with that of 
the Aar, can, indeed, give no certain data, as the latter is formed 
by the union of so many different springs and glacier-streams ; 
yet we cannot but he astonished to see that the quantity of fixed 
substances, contained in ihe water of the Aar, amounts to more 
than double that of the Lutschine ; and that the quantity of car- 
bonate of lime in the former, is almost four times as great as in 
the latter. It is true that the country tributary to the Aar is 
for the most part composed of limestones ; but it is also true that 
the springs in the lower glacier of GriniMwald, as well as the 
glacier itself, are situated in similar roeks. Still it remains very 
remarlfable, that the Lutschine should contain so Utile carbo- 
nate of lime ; and this is certain, either that the streams which 
flow into the Aar and do not proceed from glaciers, must be 
very rich in carbonate of lime, for this river, after receiving in- 
to it the Lvtschine, and so many oilier glacier streams, probably 
containing a proportion of carbonate of lime, equal to that of 
the Lutst'hine, is yet found to be so exceedingly rich in this 
earth ; or that the Aar must dissolve a great deal of lime, dur- 
ing its course through the limestone niounlains. The latter 
seems lo be the more probable, since the Aar, as far as Bern, is 
supplied for the most part by waters proceeding from the gla- 
riers. The smaller proportion of lime in the /?/*mF, at Basel, i 
compared with that of the Aar, which shews that the Rhhte \ 
must have contained a still smaller proportion previous to its 
union with the Aar, may perhaps be accounted for, by the whole 
of the country tributary to the Rhine, in the canton Graiibiind- 
ten, belonging to the primitive formation, except the northern 
port, which consists of clay-slate and lime. 

None of the numerous fresh-water springs, which rise at the i 
foot of the Meltenbtrg, and of the Kiger near Grindtlicald, 
have yel been analyzed. However, I am in hopes that Mr Pa- 
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genstecher will add to his valuable cxperinienls above mentioned, 
some esperimenis on some others of these springs, and liien we 
shall be able to nscertain, whether ihe minimum of carbonate of 
lime in them is grenter than in the walcr of the Lutsch'me or 
not. Not being in possession of such information, we wilt en- 
deaTour to answer this question beforehand, from other Iresh- 
wator springs rising out of ihc limestone rocks, and wboae coo* 
tents of cnrbonate of lime are known. 

In 10,000 parts of a fresh- water spring, which risesoutDf 
the calcareous sinter near the Lnachcr See, I found 0.947 part* 
of carbonate of time. In the Fader, which is furmed by the 
union of n great number of fresh-water springs which rise out 
of the limestone at Parfcr&orn, I found 2.5^9 ports, and in the 
Lippe, which also rises out of the limestone, 9,265 parts of cor- 
bonateof lime. Schiibler" found in the water, which issuesfrom 
the limestone quarries of the IVurtembcr^ Alp, from 1.3 to 2.6 
parts of lime, and in a fresh-water spring, which rises out of 
the same limestone, 2.9 parts. Several of the rivers of that 
country, as the Xeckar, the Ammer, and others, gave him from 
3 6 to 4.5 parts of carbonate of lime. All these waters contfua, 
therefore, much more carbonate of lime, from twice to ten times 
as much, as the water of the Lytachine.\ If, then, the springs, 
which rise also out of the liniestoni', and unite beneath the 
lower glacier at GrirtdelwaM, contain at least so much carbo- 
nate of lime as the poorest of these springs, it would follow, that 
at the time when Pagenstecher analyzed the water of the Liil- 
schine, it was mixed with more than an equal quantity of glacier- 
water. But as, according to Ziegler, the melting of the glader 
could no longer be perceived, we may conclude, that the glacier 
continued nevertheless to melt away from underneath in its in- 
terior, where the cold of the atmosphere could not penetrate. 

The currents of air in the channels in the glaciers may be 
compared with the ventilation in mines, for they are produced 

■ Kaslner'a Archiv. T. v. p. 1. 

"f Even in the Laacfier See, a lake aitiisted in a TDlcnnic crater, aai rest- 
ing in some places on grejwncke ami tiaj-sUte, far from any limestone n>ck^ 
I tbuud 0.4030 imrts carbonate of lime in 10,000 parts of water, which is 
pearly aa much as was founi] in Ihe water □r;.hc Lntxhine. 
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by the same cause, namely, the difierence of denuty between 
the air within and the atmosphere,* 

If the space through which a glacier stream flows, between tha 
under surfaceofa glacier and the soil on which it rests, maybecon- 
sidered as one coDlinuod channel from the cleft B, (in Fig. 1, Plate 
l,to theice-cavernA; then in suomier, when the external tempera 
tiire is above 32", the temperature within being 32-, an uninter- 
rupted current of air will issue from A. Hence the continual 
draught of cold air from the ice caverns, which is greater the 
higher the temperature of the atmosphere, and is consequently 
found to be more violent in the afternoon, growing weaker in 
the nighl, and almost ceasing towards break of day. Let us 
suppose, for example, as is the case with the lower glacier at 
Grindelwald, that BC = 2H0 feet, let the temperature of the 
atmosphere be 8&.0 +, and that of the air in the channel beneath 
the glacier 32°, then the density of the column of air A G will he 
to the density of the column A B as 10 to 11. The velocity of 
the motion of the air in the channel depends on the difference 
of weight between these two columns of air, both supposed to 
be perpendicular. If we express the weights of the two co- 
lumns o\' air of 2140 feet high, by the heights of two columns of 
water of respectively equal weights, we shall find — 

For B C (column of cold air), . . 303.8 lines. 

I For A G (column of warm air), . 363,0 linea. 

V Difference, 38.3 lines. 

For one square fool of the section of the channel, or of the co- 
lumn of air, this difference would be equal to the weight of a 
quarter of a cubic foot of water, equal to 16,5 lb. Supposing the 
channel there to have no outlet from A to B, and to bo wider 
than its lower opening in the same proportion that the tube of 
a large bellows bears to its contrated aperture ; then, according 

* I am indebted for the following calculation to the kindness of mj friend 
and fellow-traveller Mr Althans, architect to the smelting works at Sayn, 
with grhom I held frequent con.iultations, during our visits to several gl&clers, 
on the rarioua circumstani^es related above, and tbe reaiiits of which I have 
nude use in preparing this chspter. 
I t Ebel, vol i. p- G. 
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to Koch's tables,* that difTerence would cause a current of air 
to issue from A, with a velocity of about 100 feet per secoTid. 
But since the channels of the glaciers are not entirely encloNd 
from A to B, but have many minor outlets in the clefts 
D, E, F, H, and I, through which the air escapes in summer, 
and as they are not contracted at A, but, on the contrary, are 
enlarged at the lower opening in glaciers which have caverns, 
and as they have many unevennesses within, a great velocity 
cannot possibly be suppuied to cxUt. From the smaller cleft* 
D, E, and F, the air will issue in summer as out of A, but it 
will rush into the clefts H and I, which are situated higher up, 
in the same manner as it does into li. At a certain height, 
therefore, there must be a limit between the fissures tbrougb 
which the air enters and those by which it csca|>es; and ibis 
limit must be situated higher than the mean height BC of 
the glacier, when the upper fissures, and particularly B, ate 
together larger than the lower ones together with the opening A; 
whilst, on tlic other hand, it must be situated below the mean, 
vhen the upper fissures are together smaller than the lower 
ones. From this limit upwards, the various currents will de- 
scend in summer more rapidly, and will escape more rapidly 
heloW) in proportion to their different heights. 

Let us suppose the velocity of the currents to be but one- 
tenth of that found above, siill ihe volume of wiiim air intro- 
duced is very considerable; and as they must be cooled down 
during ilieir long course through the glacier, nearly to 32°, it 
may easily he conceived how great an influence such currentsof 
air must have in melting the glacier away from unilerneath, as 
well as in raising the temperature of the glacier- streams. 

If the ice-caverns become completely blocked up in the win- 
ter, the currents of air under the glacier will be entirely stopped. 
But even though the glacier be covered with snow, yet lU 
the fissures will nut be got closed up so as to prevent the 
passage of the air; for many places will still be left, through 
which currents of air, though perhaps but inconsiderable ones, 

* Experiment a ami observations on the Telocity and quantity of compresaed 
atinuspherii^ air, which LsauDs from aperlurea of varioua t'urras, and tbrai 
tubes, &c. Goltingen, IR24. 
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^11 find a passage. But these currents will lake n conliary 
direction in the winter, and will enter from below, and make 
their escape above, so long as the temperature of the atmosphere 
is lower than that of the interior of the glacier. However, 
these currents, which tend to cool the under surface of the gla- 
cier, can never be so considerable as those which take place in 
the summer, for the cold air cannot be warmed within the gla- 
cier above 32°, so that there can be but a small difference be- 
tween the density of the atmosphere and that of the air within. 
The under surface of the glacier cannot, therefore, suffer any 
considerable depression of temperature during the winter, so 
that the hypothesis, that: the soil beneath the glaciers remains 
at about 32° throughout the whole year remains almost un- 
shaken. 

It is probable that the piercing cold currents of air, which is- 
sue from the fissures, when a sudden change takes place in the 
temperature of the atmosphere, carrying fine grains of ice along 
with them, and scattering them, far and wide, like fine snow 
over (he country,* take place when the external tcniperalurej 
suddenly sinks below SS^O, by which the current is foundl 
to alter ils direction, and to rush from the cavern towards the 
fissures above. For if the air which isMies from the fissures at' 
a temperature of 33°, be impregnated wlih humidity, when it 
enters an atmosphere of a temperature below 32°, the wateP 
must be frozen, and thus form the grains of ice. And ihia 
phenomenon is precisely analogous lo one which I observed a 
short time since at the moulh of a shaft, during a sharp frost, 
where (he warm air, which rose out of the shaft, deposited (lakes 
of snow on the whim, and on the buildings over the shat't. 

It is of importance to the study of the internal heat of the 
earth, to ascertain whether glaciers in general increase or not. 
The annual advance of the glaciers during the wa 

lich Sausauref very simply explained by the under surface be- 
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Ebelipartiii. IIG. Gruner in his 
Schweitzeriandes.'" Bern, 1700, relates 
friend of his, trho Iravelled acrcisa aglaci 



Besclircibung der Eiageljir)^ del 
1 exampte of this, witnessed by ft 
in the middle of July. 
+ Voy^es, 1. p. 453. Esther in Glib. Aiinnl. voL Ixis. p. 113. Horner in 
ithe Neuesphysikal, Wiirterbiieh, vol. iii. p. 13&. Against this opinion see 
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coming slijtpcry by the melting of tbe ice, and thus allowing tlie 
glacier to slide down ilie slopiug declivity, is a veil knowo fact. 
Whether this advance be greater than the loss sustained by the 
melting away of Ihe ice, depends not only on the warmth of the 
Bummcr. but also on the greattrr or less quantity of avalanches, 
which fall during the winter on the upper part of t)ie glacier. 
And this latter condition again depends not only on the quanti- 
ty of snow which has fallen in the winter, but also on the direc- 
tion which the avalanches take. But this direction may be mo- 
dified by various local circumstances, by the change in the slope 
of the side of the mountains, caused by the f'albng in of large 
masses of rock, Sic. Escher further observes, that, in warmer years, 
the side edges of the more elevated glacier, are often melted to a 
greater extent, and that that part of the glacier which is situated 
at the entrance of a cross valley, is thus more easily carried for- 
ward, and is forced in greater masses into the valleys below. 
Thus it may often happen, that some arms of a glacier increase 
in length for several successive years, whilst others, situated 
quite near them, become shorter* It must be remarked, that 
the glaciers in elevated valleys c.tlcnd down both sides of the 
mountain, and thus two or more arms or branches are fom 
which meet together on the top of the ridge. 

If the lower part of a glacier, by being kept slippery by 1 
melting of the ice from its under surface, or higher up, by I 
melting of the upper surface, and the penetrating of the water 
to the under surface, slip down, the upper part, which only con- 
sists of loose snow, without any cohesion, will follow like ■ 
avalanche, and thus come into a region, when the snow wilj 
converted into ice. 

Besides the increase and decrease of the glaciers, caused B^~ 
the above mentioned circumstances, it is a prttty general opinion 
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T. Cbarpentier in Gilb. AnniL vol. liiii. p. 3U8, and Biaelx in the aame, 
p. 192. Kiihn (Hopfner'a Magazine, vol. i. p. 129), observed an advance oF 
tbe lower Griadelwald giaciei, ncconipaiiied with a violent subterranean noitie, 
when he was on tbe Eismner, by which several very wide fissures were sud- 
denlv closed, and tbe water wbicb was in tbem forced up to a coDsiderable 

' Numerous eiamples of this are to he found In tbe Bibliolh. Univ. xiv 
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in the Alps that od the whole the glaciers increase. Thus Ebel* 
meDtions in several places that, according to Iraditiun, many 
elevated valleys, which are now quite filled with glaciers, were 
formerly fruitful, + 

Whether these traditions, themselves not sufficiently confirm- 
ed, are enough to prove the increase of the glaciers to be a 
general phenomenon, is very doubtful.]: 

This, however, is certain, that lliere are two causes which 
operate uninterruptedly in the Alps, and act in opposition to 
the increase of the glaciers. These causes are the wearing away 
of the earth beneath the glaciers, caused by their progress down- 
wards, and by the continual running of the streams under them ; 
and, secondly, the falling down of ridges and of high masses (^ , 
rock. 

When we consider that there is always a great quantity of 
stones and blocks of rock beneath the elaciers,8 which must siis- 



■ Part ir. 302 ; KI. 173 i IV. 109, &l-. 

t Buffon, Epoques de k Nuture, Geme edit. Note juetif. 31.— Bourrit, Jet 
glaciera de Savoie, Gt^a^ve, 1773, p. 111. ThesanieinbiaDescrip. desoapecla 
dii Mi)Dt Blanc, Lausanne, l'|^S, p. B, 62. — Bergman, phjaibal. ErdbEscbrdb. 

FartlLp. 5.C.2. § 167 AltroanHH Veranch einer hiatoriaeh phja. Bcachreih. 

der Helvet. Eiajjebirge. Zurich. 1761. 141 — Scliultes iieher die T^rolH' 
Gletscher in Gilb.AnnaL xx. 243; von Buch on tboae of Norwii? in the same, 

vnl. xli. p. 22 PoDtoppidan, NatiirL Historle v. Norwegen, i. 66 Hanateen 

tn the E<<iiibur^b Philoa. Journ. i. 213. Agnia^t this, gee Nauoiinn in Leon- 
ard's Tascbenbucb Jabrgang, xviL y. 1G3 Scoresby ueber diu Gletscber in 

Spiixbergen, GUhert'it AjiaaL vdL Ixix. p. 142 De Luc in tbe same, p. 149. 

— Charpenlier in the same, toI. liiii. p. 40B Biaelx in the aame, vol. Ixiv. 

p. 191.— Pictet in tbe aame, p. 200 — Anmerk the same, vdI. Ix. p. 334. 

$ Von Weiden (de> Mante Rosa, Vienna, 1824, 73- 81 i) Kasthofer (in hia 
prize Esan/ in ZachockeUeberliererungen, 1S20, 50S and 574;) Hegetach- 
weiler (Reiaen in den Gebirgsitoek zwischen, Glania, and GraubBnden in den 
Jabren, 1810, 1830, and 1822, Ziiricb. 1S26, pp. 11, IS, 41,04, 103 and 
Hugi (Naturhisturische Alpenreisen, Solotburn, 1831) mention indeed many 
examples or periodical advances and retreats of glaciers, but found no proofs 

of tbeir absolute increase witbin thousands of years VenelK (see Kastner'a 

Archiv fur Chemie und Meteorologie, ii 225) thinks bimaeif entitled to con- 
clude, from various geognosticat phenomena, such as Ibo occurrence of la:^ 
loose blocks of rock on extensive plains, &c. &c. that the glaciern are in the 
act of retreating. 

g The immense heaps of detriltii (Gandccken, Moraines) which are found 
below the glnciera, as well as at tbeir sides, are a proof of this ; besides which, 
me arc told by the innkeeper at GrindelmaM, wbo bas become so celebrated by 
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near MiiUinen, are lo be seen among othera the same nilled stones J 
which are now carried along by the Kander, some hundred feet I 
lower. To thia action of the deepening of the beds of glacier I 
streams mnst be added the immense pressure sustained under the I 
glaciers. I 

Let us suppose, that in a certain time the dcetrnction of the 1 
rocks under a glacier proceed to a depth of 115 feet, the glacier 1 
will thus be brought down into a region in which the mean 
temperature of the soil is 2''.25 higher than before. It wilt now, i 
therefore, be melted more rapidly ; and, if more is not supplied 1 
from above than before, it must suffer a decrease in size, nay, in I 
a certain time it will disappear altogether. That many glaciers 
have actually decreased to a considerable eKlent in progresi^ of 
lime, is evident from the heaps of detritus (Gandecken), which 
are often found at a considerable distance i'rom their present 
lower extremity.* ■ 

I am inclined to consider these evident signs of the former and | 
present extent of glaciers, as more decided proofs of their de- 
crease than the mere tradition of the formation of new glaciers 
is of their increase. However, I do not mean, by the above 
train of reasoning, altogether to deny that glaciers may also in- 
crease, and that new ones may sometimes be formed. It is only 
the universality of the phenomenon that I am calling into ques- 
tion. With regard to the second of the two causes given above, 
as acting in opiwsition to the increase of glaciers, viz. the falling 
in of high points of rocks, it is self-evident that glaciers must 
disappear, when the mountains covered with perennial snow, 
from which they are supplied, are destroyed. The hypothesis 
of Ebeljt that the northern side of the Gemmi to the Dauben lake 
was formerly covered with glaciers, is therefore certainly cor- 
rect ; for we have evidence of this in the enormous fallings-in 
which have there taken place, probably in consequence of the 



I 



For the Ealce of example, we may mention Ihe Gandecke, already cited 
above, near the upper Grindeluiald glacier 5 that of the lower glacier, which is 
now covered wllh trees ; aa well as that of the preaenl H/ume glacier, which 
ties at a distance of 2404 paces troni it. May not the heaps of dutrilua which 
are found in valleys at a great distance from any glacier, alsn have been for< 
merly Gandecken ? 

t Part III. pp. 30 and 3.H0. 
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facility wiiU which the slate on which the Cemtni rest is ditan- 
tcgratcd. and h^nce the great heaps of detritus at the soullitTa 
foot of the Getnwii, and in the valley of the Rhone. Traces of 
wniilar falliiigs-in of the rocka, and uf exientiive ancient glaciers, 
are also to be found un the norlhcm side of tlic Gemnii, below 
the inn of Schwarrbach, and near the Spilal MatU. On this 
Alp are seen several hills covered with fir-trees, and formed of 
blocks of limestone, disposed io irregular layers, one above an- 
other. Out of the innumerable clefts in these hills rise the 
numerous freshwater springs which we have already before 
mentioned, and which, after forming a considerable stream, sink 
into the rocks and reappear, together with several other springs 
at the foot of one of the smaller hills. Below Kand£ratag, on 
the left declivity of the mountain, we find a very large heap rf 
detritus, which we are indeed inclined (o consider as an enormous 
Gandecke, But even further down, as far as Frutigetiy we see 
considerable hills composed of blocks of limestone heaped toge- 
ther, sometimes in the middle uf the valley, and sometunet 
resting on the high mounlains on each side. The luxuriant 
vegelation in the valley shews, as every where, that the soil here 
rests upon fragments broken oft' and precipitated down from the 
rocks above.* Traces of such dislocations are well known to 
exist in the Alps, and the history of recent times furnishes many 
melancholy csample^s of the same. Thus, for example, the sud- 
den fall of llic rucks, and the destruction of llie city of PltirsoT 
Piurif in the year 1618, — tliat of the village of St Jbundio\ 
in 1760,— the frtlting-in of the Diablereti in the years 1714 and 
1749.§— that of the R^iffi or Rigi at various periods, — and the 
latest and most dreadful catastrophe of all, which filled the val- 
ley of Goldau with rubbish in 1806.|| 

Such disturbances must be frequently repeated, as the r&|nd 
streams below imdermine the feet of the mountains, by wbidi 
the rocka are made to split and to sink, the fissures sometimes 
extending more than a thousand feet above the l>ottom of the 



• Escher in Gitbert'a Anna!, vol. li. p. 363. 

t Ebel. part ii. p. 385. % ll)!''- P- 3«7- 

g IbiiL p. 440. II Ibid. \>. UC. 
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valley ; into these the waters enter in tbe following spring, sortea 
the rocks, and thus caiiEe iheir Tuli.* 

The alternaiion of frost and thaw also causes the dislocation, 
and breaking done of considerable masses of rock, Thus 
Gr^rard observed in the Himalaya mountains, that masses of an 
enormous size were continually falling down from some rocks, 
between whiuh there were passes, at a height of 15,000 to 16,000 
feet. The bottom of the passes was covered with immense 
heaps of sucli fragments. -f- 

But the universal consequence of such fallings in of the rocks 
will be, that the glaciers will lose their supply of snow, and will 
decrease, or perhaps entirely disappear. Tiius by degrees many 
spots are reclaimed from the regions of perennial snow, and be- 
come capable of sustaining organic life. 

Chap. X. — The frozen soil ofTwrthem Siberia ig no eonlradutieit to 
Ou increase of temperature towards lAe int^ior of the earth. 
The whole of northern Siberia presents the singular phe- 
nomenon, that, even in the hottest season, the soil remains fro< 
zen from a certain depth downwards, differing according to 
the latitude, and other local circumstances, and that the thick- 
ness of this frozen stratum is so considerable in the more east- 
erly places, as, for instance, at Jahiitzk, that its bottom has not 
yet been reached | Gmelin relates that in the archives at Ja- 
/-•((fsfr, he found an account of an inhabitant of that town hav- 
ing, at the beginning of the last century, together with some 
uters, contracted to sink a well, and thai when they had 



th< 



^ We have proofs of tbe decrease of the height of the Alps in former tiniei, 
n the loose blocks of rock wbkh lie scattered about in all directioDs, as it 
I, from the observations hitherto made, that they have heeii pre- 
cipitated from the upper Alps. Die Umwalzungen der Erdriiide von Cuvler, 
translateJ by Noggerath, 1630. ii. p. 15. It ia also proved by the deposita 
from the alpine Htreama in places where their course ii less rapid, by vhich 
means enoimoui masaea have been and still continue to be carried out of tbe 
the Alps, 
f N. Geograph. Epbenieriden. xlv. p. 262 and 270. 

X To this phenomenon is tn he ascribed the existence and the good pre- 
servation of the great Irupical animals, covered with (heir llesh and other soft 
parts, found at the mouth of the Lena, and on the bunks of the WWad in la> 
^^ptudes 72° and 64°. 
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rcat-liLfl (he dcpih ol'OO Tcct, finding the eurtli still Trozen, they 

rcfust^ to fulfil their engagement.* 

Some philusuphcrB have ci>iiNiilL'n.tl this contradictory to tlie 
HUppusitton that the inieiior uf the lartli is in the state of fudoD. 
But from the fulluwiiig aecauiit it will bi> seen that, in tboee 
fruzen strata, ihe general jihcnomciion of an increase of lemper- 
Bture with the depth is not wanting, and that hy continuing llie 
work, they have arrived at s lempcraiure which leaves no doubt 
that they are not far from the lower limits of the frozen soil, 
and (hat water, the object of their undertaking, is not far di»- 
taot 

It is well known, says an article from St Prtersburgy in the 
Berlin news of the S4th FL'bniary 18SS, that at JalaiUsk in Hi- 
litriii, the earlh, even in llie huttL'si i^uaimer, only thaws to about 
the depth ol' three iect. Hitherto all alttnipts to di^over tbe 
thickoeBs of the frozen Etraut beneath, have been fruitless. Singe 
the year 1H30, one of the inhubiianls of Jahihik has been en- 
gaged in sinking a well, by which means it may, perhaps, be 
ascertained. In the same year the workmen reached the depth 
of seveniy.eight feet below the surface, hul still found no water. 
In the year 1831, they reached ninety feet, and were still in the 
frozen soil. The work is still in progress, and there seems nii 
doubt of iheir attaining ihoir object, for the thermometer, which 
shewed \.S'.5, a few feet beluw the surface, rises, when sunk to 
the bottom of the well, to HQ'.lS.f 

It is evident that in high latitudes, where the mean tempera- 
ture of the soil is below 32°, there must exist a frozen stratom 
of earth of a certain thickness, which can only thaw during tbe 
summer, to that depth beyond which the influence of the exter- 
nal temperature is no longer tell. For, in the same manner as 
in our climates, ihe soil is frozen to a certain depth by the ccAd 
of winter, so must the Jiozcn soil, in those high latitudes, be 
thawed to a certain depth by tbe heat of summer. In Siberia, the 
temperature of the soil is near 32°, in the latitudes of the North 
qf'En^nd and Scotland ; for Von Humboldt and Adolphus Er- 

* Aguinet this, aec V. Uuch in PoggendorfTa Aunal, toL xii. [i. 40S. 
t See Erman, in Poggendorff's Annal., vuL lyiL p. 340, Von Ilumboldl^ 
ibid. voL xxlii. p. 104 am) lOG, and Hanateen, ibiil. vol. sxviii. p. 684. . 
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man f'oiUKl wells and springs of 33°. 3 to 34°.4 in the months of 
July and August, in such latitudes. At Jakuttk, therefore, in 
62° North Lat., the mean temperature of the soil must already 
be considerably below 32". Thus, if we suppose it to be only 
S7% and that the tein|ierature increases towards the centre of 
the earth at the same rate as it has been found to do in our cli- 
mates, the mean temperature of the earth would not reach the 
melting point of snow until a depth of 280 to 256 feel. 



Chap. XI.— -T^e decrease of Tetnperattire in l/ie Waters of ihe Sea 
and of Lakes, is not contradiclory to tke hypothesis of an increase 
of TemperatuTc towards tke Centre o/thn Earth. On the con- 
trary, we can only explain tke Temperature of Sea und of Lakes 
by udmilting an ijicrease of Temperature towards the Centre of 
the Earth. . 

Dc Saussure ■ determined the temperature of the Swiss Lakes 
et various depths, as in the following table: — 
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According lo L)e la Becht'a observations on the Luke of Ge- 
neva,-^ the temperature of the water, at depths of forty to sevenly 
tfathonis, seems everywhere to be 43°. 9, except onlv at Oiichy ; 
id from eighty fathoms downwards to the greatest depths, he 
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■ Voyages aux Alpes, § 13ai mid 1 
t Gilbert's Annalen, yo!. liri. p. 1. 
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found a cuasiant temperature of 43°.04. In lesser dqHlu thai 
forty faihoms, the temperature varies according to circumstancei, 
but to that limit it aliray» decreases from the surface downwards. 
In the Lake of Thun, De la Beche found the tt^mperature at 
the surface to be 59°.9, whilst at a depth of 103 fathoms it was 
41°.4 ; and in tlie Lake of Zug the temperature on the surface 
was 58°, whilst at a depth of thirty-eight fathoms it was 41^ 
Three hundred to four hundred fathomsdeepin \\ia Lagodi ComOi 
Voha found a temperature of 43°.2.« On the l6th April 1798, 
Von Humbnldt found the temperature of the water of theZoie 
^ BarthomeWf in the Berchtesgaden Alps, at a depth of 2 feel, 
to be 450.83; at 42 feet, 43=.18; at 60 feet, 41»; and at sn- 
oiher B|)ot, at a depth of 84 feet, 4S°.09.t Recent measure- 
mi-nls of D'Urville4 and of fioubee in the Lake of Oo, near 
Btignerea de la CAou,§ have given the same results. 

Thus we 6nd that the temperature in the depths of lakes ap- 
proaches that of fresh water at its greatest density, which, ac- 
cording to the latest accurate experiments of Stanipfer, ia 38°.7. || 

On the temperature of the sea in various depths, numerous 
observations have been made, sometimes giving contradictory 
results, which may liave been partly owing to the various me- 
hods and instruments used. 

From more than Gfiy observations, made by Castberg^ on 
the temperature of the water, at depths varying up to 200 feet 
on the coast of the Mediterranean, he found no regular varia^ 
tions, Peron ' * concludes from his own observations, as well as 
from those of Irvine and Forster, \st. That far from the coast, 
the temperature of the sea is lower at all depths than at the sur- 
face, and that it decreases with the depth, apparently according 
to a certain law ; ^d. That this holds good, as well for the 
frozen seas of the jwlar regions, as for the burning climates un- 



* Gilbeit's Antml. vol. it. p. U)2. 

t Beise in die .Acquin. GegenA iii. 132. X Bibl. Univ. 1833, Nov. MS. 

I London and Eitinb. PhiL Mag. IBSU, p. 383. 

II JaiirbUcber des K. K. Faljtechniecben ln»tituts zu Wien, voL xvL p, U, 
% Gilbert's koDuL voL xix. p. 344. 

** Annales du niiiseutn d'Hiat. Nut. t. v. p. 1^3 to 148, and Journ, ^< 
Phj'a. t. lii. p. 3G1. Also in Gilbert'n Annnlen, tdL six. p. 437. 
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Acr the equator ; only tlial at equal depths, the cold la compa- 
ratively much greater near the poles than under the equator. 
But he got^ further, and concliulcs from this, that the deepest 
abysses of the sea, as the summits of our mountains, are covered 
with perpetual ice, even under the equator, and therefore con- 
siders that so many facts are sufficient to overthrow the hypo- 
thesis, DOW 50 generally adopted, of the existence of fire in the 
centre of the earili.* 

Von Biicli+ came forward in opposition to this last coacluooii, 
and declared himself hostile to the formidable idea of the exist- 
ence of such a crust of ire, which is by no means rendered ne- 
cessary by observation. If, says this ingenious philosopher, the 
internal cold is felt so near the surface of the sea, should it not 
also be felt at those depths in the earth near the sea, which are 
so distant from the surface that the latter can no more have any 
heating effect on it ? But has there ever been found in the 

* Feron (Anaalee du Museum d' Hist. NaL, voL v. p. 193 to 148, and 
Joum. de Pbja., yoL Ux. p. 361) found several zoophjtes, fished up from the 
bottnm of the sea on the coast of New Holland, to be Sl'.'ih warmer than Uie 
air and tbe lurfDc^e of the sea. He puis thequestioD, Whether the xoophyXea 
Inhabiting the bottom of the sea live a? tbe more perfect animals and plonla 
do, ioB warmtfa peciiUarto themselves, exceeding, at least in somecasee, that 
of the surrounding medium ? It is a matter of doubt whether plants do pos- 
sess a warmth of their own (see Trevlranus, Biolt^ie, voL v. p. 3 and follow- 
ing). According to all observations, namely, those of Schubler {Pc^gendorff"* 
Annal. vol. z. p. 6fll), this is by no means tbe case. Among animals, birds 
have tbe highest temperature; next to them the mammalia; then the am- 
phibia, fish, certain insaclsi and lastly the molluscie, crustnceo, and tbe warms 
(John Dary in the Edinb. Phil. Joum., vol. xiii. p. 300, and vol. liv. 
p. 38), But if. as J. Davy as-ierts (in a letter to H. Davy of the 18th May 
1616, in tbe Journ. of Science), the temperature even of fish is only 2*.025 
to S°.700 higher than that of the water, (see in opposition to this Vi>n Hum- 
boldt and Proven9al in tbe Mem. de la Soc. d'Arc , voL ii p. 698), the tem- 
perature of the zoophylcB muttt bo scarcely perceptibly higher than that of 
the water. Should the zoophytes, notwithstanding, show a higher tempera- 
ture, which, however, remains to be proved by more accurate obsarvation, it 
ought rather to be supposed that such heat is derived from the bottom be. 
neatb, and that they retain it longer than the surrounding water does, which. 
by becoming sperifically lighter, risei and carries its excess of heat to the sur- 
fnoe, than that it is a heal peculiar tn itself 

+ GilWri's Annal. vol xx, p. 34t, 
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wells of .^BKfanliiw, which arc sufficiently deep, a temperaluie 
sensibly lower than the nieao temperature aX the surface ? Yeti 
notwithstanding the renurics cnmmunicatett by Von Buch al- 
ready thirty years ago, Porrat has lately again attempted to 
bring forward the decrease of temperature of the sea, and of 
l^es, in proportioD to the dvplh, as an objection to the increase 
of temperature towards the centre of the earth.* But this ob- 
jection has been silenced by Kioden.t 

Tlie decrease of temperature in the sea, in proportion to the 
depth, has also been eonfirnied by Captains Ross and Satnae, 
as well as for the northern ocean by Lieutenant Parry.J On 
the other hand, Lieutenant Franklin found the temperature sen- 
sibly higher, in high latitudes, at great depths in the GreerUartd 
Sea, than near the surface, and the difference was frequently as 
much as 9°00 or 1 1 "^.25. Other officers of this expedition. 
Lieutenants Beechy and Fisher, observed the same. As most 
of Franklin's observations were made whilst the ship was sar- 
rounded with ice, the temperature of the surface of the sea most 
have been about the freezing point, which was probably the 
cause of liis contradictory results. § These observations can, 
therefore, not be taken into conaderation in the comparison of 
the tempciature of the sea at its surface, and at various depths. 

We are indebted for a valuable series of observations on the 
temperature of the sea at various depths, to an observer in whom 
the utmost reliance may be placed, namely, the astronomer who 
joined Kruseustern's Voyage of Discovery, the late Homer D of 
Zuriirh. He found that the temperature of the sea invariably 
diminishes as the depth increases. But single spots are to be 
found in the sea, where the temperature is greater in the depths 
than at the surface. Hot springs and volcanic action may cause 
considerable partial elevations of temperature in the sea, as, for 



* Von Leonhnrd und Bronn Jahtbucher der Minernlogie, Geopioaie, Geo- 
toKic, &c. 1030, fasc 3. p. 334. 
tlbiil. 1831, fasc. 4. p. 384. 
t Alex. MarMt'a lecture before the Royal Society of London, 20th Msy 



§ See Gilbert's AnniL voL sx. p. 254. 
II Ibidem, vol. lilii. p. 2S6, ind following. 
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example, seems to be the case in the ffulf stream on the coast of 
America, where, on hauling up the lead from a depth of 80 or 
100 fathoms, it is so hot as scarcely to allow of its being handled. 
Similar spots seem to exist near the Kurile Islands, in Basse's 
Straits, and in the Atlantic Ocean where Horner in uiear weather 
observed, at about nine miles' distance from the vessel, a cloud 
of vapour, which, during a quarter of an hour, continued alter- 
nately appearing and disappL'aring from the surface of the sea, 
and could neither be the smoke of powder nor that of a vessel 
on 6rc. Horner considers that this phenomenon may perhaps 
have been caused by a volcanic eruption. In opposition to the 
opinion that the buttoia of the sea must in very great depths 
consist of a solid mass of ice, Horner brings forward very con- 
clusive arguments. 

Lastly, aserieaof observations were made by Lena,* on a voy- 
age round the world, under the command of Captain Von Kot- 
Bcbuo, in the years 1823 to 18S6, with the utmost care and 
circumspectiont so that particular confidence may be placed in 
them. They yielded the following results: — Isl, Between 45" 
north latitude and the equator, the lemperaiure of the ocean 
constantly decreases to the depth of 1000 toises, below which no 
esperimenta have been made. 2d, The decrease of tempi-rature 
is at first rapid, but becomes slower and slower, and is at last 
scarcely perceptible. Sd, The point at which the decrease be- 
gins to be imperceptible, seems to be situated less and less deep 
the further we recede from the equator. Under latitudes 41° 
and 39% its depth is 200 to 300 toises ; in latitude HF, it is 400 
toises. 4th, The lowest temperature observed in great depths, 
was 35°. 93, and this is about the temperature of all points where 
the decrease begins to be no longer perceptible. 

According to the third mentioned result, this temperature ib 
found nearer to the surface the higher the latitude; it would be 
interesting tu ascertain in what latitude it reaches the surface. 

We will now proceed to the consequences which may be de- 
duced from the decrease of temperature in the sea and in lakes. 

* PoK)^nilarff's Anna), vol. m. p. 73 and Ful lowing, extracted from a paper 
read b; T^nz before the Academy ol St Petersburg, on tbe 4tb of Novem- 
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Prom the above observnliona on the tcmperalure of the 
in StcUxerland, which wtrrt- made at various sensona of the yiat, 
wceee that thi'lemperstureon thclK)ttoin approaches very near to 
the degree at wMcli waliT a^&iuiies its greatest tlendtj ; but ne- 
ver quite reaches it. It is a\v/ays V.S5 to d°.74 higher than 
88°.7. Suppose a lake in the autuaiD to have everywhere in its 
depth a temperature of 5i\5 ; and that the water neither ^rn 
nor receiveit heat frum the earth on which it rests. Now, if 
eo\d «et in, and the surface of the lake be depressed below S¥£, 
the water at the surface bt't:omiiig more dense, will sink to the 
bottom, and continue lu do so until it be everywhere reduced to 
S8°.7. If the coolin;; of the surface continue still further, it 
will have no more influence on the temperature of tlie water bs- 
low : fur nuw the water at the bottom of the lake caa only be- 
come colder by imparting its heat to the colder water above; 
which, however, cannot take place, water being so bad a condac* 
tor of heat, and the lake having so great a depth. The lake 
will therefore have a temperature of US".! from the bottom, 
nearly to its surface. If the temperature at the surface thai 
begin to rise again, the only increase which »ill be caused in the 
temperature of the water betow, will be by the communication 
of its heal. But for the reason just mentioned, tliis cannot ex- 
tend far; and, in fact, the observations of De la Beche gave equal 
temperatures at depths of 40 to 70 fathoms ; and also at depths 
of 80 to 174 fathoms. They shew farther, a decrease of 2^.50 
from the surface to 40 fathoms ; but from that depth to 164 fa- 
thoms, which is a depth four times as deep as the former, only 
0.450. We may, therefore, imagine a stratum of water below 
40 fathoms, acting as an absolute non-conductor of heat from 
above. From De la Beclie's observations, this stratum may 
have a thickness of SO to 84 fathoms. It is consequently diffi- 
cult to conceive how the temperature at the bottom of the lake 
should ever exceed 38°. 7, especially since at least twice in each 
year the suiface of the lake falls to 38°. 7, at which seasons the 
stratum of waier bearing that temperature increases in thickness. 
If, notwithstanding, we find the temperature at the bottom of 
the Swi^s Lakes, at all seasons, 1°.35 to S''.74 higher than 
38°-7, the water must have obtained that excess of temperature 
from another source, and (here is no other source of heat left 
but the earth. 
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In opposition to these conclusions it may be remarked, that 
the nater, whtD cooled at the surface by the air, docs not siuk 
with its reduced temperature quite to tile bottom, but becomes 
somenhat warmed again during its descent, at the expense of 
the warmer layers of water, through which it passes. And this 
is undoubtedly the case. But since the sinking of the cold 
currents of wafer must necessaiily be attended with the rising 
of the warmer water from below, which in its turn is also 
cooled when it comes to the surface; it follows, that during 
the continued cold of winter, the water at the bottom must at 
one time be reduced to a temperature of 38o.75. And if ihis 
should even only take place once during a severe winter, tht^re 
being no communication of heat from above, it seems difHcuh lu 
accountfor a temperature of lo.SS to 5°,G1 higher than 38°, 76, 
otherwise than by supposing it to be due to heat supplied from 
the earth. Muncke* ascribes this higher temperature to ihe 
action of the sun, as De Saussure's observations were not made 
till May. But can jt be supposed that the rays of the sun pe- 
netrate to such a considerable depth as that in which the obscr- 
valioos were made, and are still capable of having any effect, 
when we consider how very rapidly the transparency of water 
decreases with the depth ? It is true that Saussure's observa- 
tions in the Lake of Geneva, in the months of February and 
August, show an increase of + 1"'.26 ; but this difference might 
perhaps be overlooked, when we consider the great difference of 
the depths. 

If the water at the bottom of lakes should become heated by 
the earth beneath, there will be a stream constantly flowing 
upwards, which will rise higher the less the temperature at the 
surface exceeds 38.°7. This stream will reach to that height )n 
which the temperature of water is equal to ihat of the stream. 
This stream will continue to rise only so long as the tempera- 
ture at the surface does not vary. But if a depression take 
place, there will also be a descending current which will fall to 
that depth in which the temperature of the water is equal lo its 
If the temperature of the lake from its surface to o great 
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depth, be ihus reduced to 98". 7, ilie dosccnding current will 
cease. In this state it will continue whether the tcmperatute 
decrease towards 32°, or to whatever degree it rise. The de- 
scending current will nut again come into action until thz tem- 
perature at the surface, having risen above S8°.7 shall again 
begin to decrease. Whilst the temperature at the bottom of 
the lake is SS".?, or near 38°.7, and at the surface Sfio, Ok 
water having a temperature between 32° and SS^.T may be heal- 
ed by the currents made lo ascend by the warmth oP the ear^i 
as high as 4€''.79, without those currents reaching the surfMe; 
for at 46 .79 water has the same specific gravity as at 32". 

Observations on the temperature of lakes at different'depdw 
during the time when the temperature at the surface remaJDs 
constant at 32° would give interesting results. For, accord- 
ing [o the above reflections, the temperature ought to increase 
from the bottom up to a certain height, and then continue de- 
creasing up to the surface. But nowhere could the temperature 
rise above 46'.79, so long as the water al the surface remained 
al 32°.* The only instance of an observation being made at s 
great depth, at a time when the temperature at the surface wae 
near 32°, is that of Saussure of the 6lh of February 1777, 
when he found the temperature at the surface 41°.74, whilst at 
a depth of 950 feet if was 42°.09. 

Lakes receive a greater quantity of heal from the earth, the 
hotter the climate is in which they are situated, and the dee|)er 
they are. This quauiity uf heat, therefore, depends on the lati- 
tude of the lakes, their elevation above the surface of the sea, 
and their depth. The actual temperature of the bottom of a lake 
cannot, it is true, be higher than that of the water immediate- 
ly in contact with it, and consequently, not much above 38°.75 ; 
but more heat will be communicated from the interior of the 
earth, the warmer the strata are which lie iminedialely beneath 
the bottom of the lake. Near the Lake of Geneva, a tempera- 
ture of 62°.8 was found in a sounding well at the depth of 680 

* I may perhaps have an opportunity of making such observations in the 
Laaober See, where a depth of 200 feet has been founJ, without tberc b 
any reason for Buppo9in|; that to be the ileepeaL ipul. 
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feel. The same (em|ierature v 
same depth on the botlom of the lake, if it were entirely filled 
up with the solid masses which compoae our glolie. But 680 
feet is not the greatest depth of the lake, for it measures as 
much as 950 feet in some parts. Supposing the increase of 
temperature to proceed in the same pro|Tortion as was observed 
in the neighbouring sounding, a lem|)erature of 68°,^+ would 
be found to prevail at the depth of 950 feet. These thermo- 
metrical relations, which must be imagined quite independently 
of the lake, were doubtless interrupted at the moment of the 
formation of the lake, but yet not entirely destroyed.* We may 
therefore still he allowed to assume G8°.34 for the temperature 
of the bottom of the lake, at a depth of 950 feel, although its 
actual temperature must be the same as that of the water at the 
same depth, which, according to Saussure, is iV'.TS. We have 
therefore to distinguish between the actual temperature of the 
bottom of the lake, and that which it would have, considering 
inly its latitude, its elevation above the sea, and its di-plh. 



The difference between them is the thermomeirical 
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or as it were a measure, for the heat communicated from the 
earth to the water, and with it carried to the surface. Thus 
this thermomeirical expression would \k i'or the Lii!i-e of Geneva, 
nt a depth of 950 Icet, 68°.31 — 9'.72=58°.62. Thepcsitive 
quantity of heat which escapes from the bottom of the lake into 
the water, however, depends on the degri-e of condiictibility of 
the earthy and rocky strata which lie beneath il. 

In lakes, therefore, relations exist similar to those in the gla- 
ciers, namely, that there rests upon a certain surface a mass, in 
the one case of snow and ice, in the other of water, which con- 



IB ^ With respect to this, I cannot agree with mj Iriend Professor Muni;ke. 
^lio ciinsidera that the source uf hest at the bottom of tile lakes must already I 
have been exhausted by time. See Gebler'a a. Wort«rb, aa above. Such ■ 
au|ipo9itlon could only be admitted, if we could consider the bottoms of lakes \ 
to a coDsideiable depth as non-conductors of heat. But for such a suppoai* 
lion there are no grounds. To whatever depth, then, the cooling influence 
of the water is ielt in the earth, from the same depth vrill the wanning in- 
fluence of the interior uf the earth he able to exert itaelfi that ia to say, the 
water at the bottom of the lakes will receive heal from the interior of the 
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tinually exerts ai'oolinj; influence upon it, and redticca its lem- 
pcrniut'c Mow ihat which it woulii otiitrwise have from itsUu- 
tude uiid elevation above the sea. But since this surface is con- 
in-i'ied with strata of a higher b-mpcrature by means of a con- 
duciini; mtdium, heat muit, according to the conducting power 
of those strdta, be coniinually communicated to the coohng niasK. 
Id tlie case of the glaciers this heat is employed in melting tbe 
snuw and ice, but in lakes it is carried to the surface by ihe 
ascending (utrticlcsof water. Here il cither assists in promoting 
the evaporation of the water, and thus becomes latent, as in the 
glaiiers, or it raises the temperulure ut the surface. Wbetlicr 
liuth these take place at the Mime time, which it is most probable 
ihcy di), might be ascertained by corresponding observalions mi 
the tempcralure of the »>urface of a lake and of tlie earth in ill 
immediate vicinity. Such obstrvalions, wliich it would be ne- 
CL-sMiry to continue for a whole year, in order to obtain the 
mean, would therefore decide a very interesting quesilon." 

* The annual tneUsirulogical report of Wurtanherg tor t83t, contslns the 
thennometrical observatiutia in the Lake of Comlanct and Ihe surrounding 
Btmosphere, raade by I)r Dihlmann, in July t83l, daily al two o'tlock p. 
The mean of the former is 77°'2<'>i tfaat of the latter 7D°-0S. As the observationi 
were made at the time cf the daily taaxitnum, the tnie mean temperature of 
the Ijike qfConilanct must be lower than 77°S5. Ai:>:ordi]ig to ol>servatloM 
which I mndeduring a journey by steum to Siriiiburg,onthe ISthand 20th ot 
August I Et36, on the temperature or the HhiTie, the greatest doily difTerencewu 
1°.8 to 2°2S. The true mean temperature ofthe Lake ef Comlance in July 1831, 
may therefore be estimated at about 7S'.l2. But from the mean temperalure 
of the air a tar greater deduction must be made. At Slallganl, whose cUnMte 
must be very nearly the eame as that ofthe neighbourhood of the Xioih q^ 
Camfance, the mean tenij«roture in July 1831 was (!7°.32. According to this 
the mean temperature of the Lake of Constance must in that month bave aur- 
pasecd that ofthe surrounding atmosphere by about D'OO. ]n the colder sea- 
amis thia difference is probably not leas considerable, as the water wbScb U 
coaled by the air at the surface continually sinks, whilst the ascending cur- 
rents muKt take place to nearly the same extent in winter m in summer. 
From this it may therefore be concluded, that the mean temperature of the 
surtace ofthe Lake of Cunslaace is higher than that of the soil in its Vicinity. 

Ten olservatlona on the temperature of the iwutf n/Coni(ance, made by 
Dihlmann in June, July, and August 1838 (Irom the,13th June to the 30th 
August), in the afternoon and evening, gaye a temperature &°.85 highertl 
the mean temperature of the air on those days, and only 2°.47 lower than the 
temperature of the air in the Ehadc, al two o'cluck in the afternoon. Similar 
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So loDg as the temperature of the bottom of a lake be above 
38°.76, currents of water will continue to rise, but tlioy will rise 
moie fts.'bly, and wiili a smaller increase of heat, the nearer the 
temperature of the bottom approaches that of the maximum deo- 
sity of water. I f in higher latitudes, or in greater elevations, the 
temperature of the bottom of a lake does not exceed 3S°.75, an 
equilibrium will take place: the bottom of the lake will neither re- 
ceive heat from the water nor communicate heal to it, and the 
lower beds of water will never be warmer than 38°, 75. If, lastly, 
the tL-mperaturc of the bottom of ibe lake fall below SS^IS, the 
water which was cooled by the air at the surface will sink to the 
_j^)oltoni, and there bL'come still more cooled by coming into equi- 

^^HSercncEA had been observed tbe preceding year. See Schweigger, Seldel'a 
^Kf'lii'b. der Cliemte, &(.-. &c. vol. Wx. p. 32. Kinetran observations on the 
temperature of the Lake qf Constance, between Ihe S3d Mav and 30th Julj- 
IHitO, taken at three o'clock r.M., guve a. mean leniperature whkh was 3°.60 
lower than tbe mean temperature of tbe air during the sdme period. 
Schweigger Seidei's Jnhrb. vol. liv. p. 5J. There ia, therefore, no doubt 
thut the mean temperature of the air during this period was bIeo lowei 
than that of the surface of the lake. During frosta tbe mean temperature 

of labea must be higher than that of the air, as tbe temperature uf the 

^Bteter cannot fall IkIow 32°, whilst that of tbe air des(.-ends several degrees 
^^Wtuw 32°. During the severe cold in January and February IB30, the Lakt 
^Klf' Cimalarv:e was frozen over: a phenomenon of very rare occurrence. 
^^■Scheigger Seidel, as above, p. 3(i. 5000 fcet from the diore, the temperature 
of the air was ^2'^.bO ; 20O0 feet from it, _ie°.2S ; that of the water itself, near 
the ice, varied on different days from 32° to + 33°.36. After tbe Slat Janu- 
ary the lake froze almoaC entirely over, ?. small circle only, opposite to the 
Friedrichthnfen, where the lake has tkt greatttt depth, remaining open, hut J 
covered with islands of ice. Up to the end of Juiuary the thickness of tha'J 
ice near Uttweil was found to be i I 

» 10,000 feet distant from the shore, . 6( inches. I 

is,O0D ... ... . a ... I 

20,000 ... ... . 4 ... I 

30,000 . . ... ... . 31 ... " 

If, at the commencement of tbe frost, the sur^e of the lake becomes 
graduallj cooled down, and thus gives rise to descending currents of water, 
which continue until tbe temperature uftlic surface reaches 36°. 76 < this period 
will naturally happen later in the deeper parts, than where the depth is 
lees considerable ; for there is a greater quantity of water, of a temperature 
above ;ia°.75 in those parts, and ao long as water above 38°.75 exists below, 
the descending currents will continue to take place. So that tbe deeper the 
^Khkeis, thel^et will its surface be reduced to 3Q°.76, and consequently also to 
^^ne treeiing point, If the depth of the lake should be found to increase in the ] 
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litirium with the temperature at ihe bottom. If in this c 
lake be cooled down (u 3S^'.75 up lu the (>urface, ascending ci 
rentit will again uke place, the temperature of which will be be- 
low 38°. 75, and the upj»er beds will be cooled down bv d^ree*. 
Bui if ihe surface of the lake be warmed to as many degrees 
above SS-.TS as the bottom is cooled below 38°.75, no current 
whatsoever will take place. 

Such relations must exist in ihe elevated alpine lakes, for ex- 
ample, on the Gemmi. the Grimsel, St Gotkard, St licrtihard. 
and so forth, where the mean temperature at the boiiom of the 
lakes is near 32°. It would therefore be very iiiieresling if ob- 
servations were to l>c made oti the temperature in the depths of 
Bucli lakes. For this purpose the small lake near the monastery 
on the Great St Bfrn/iard, which has a depth of 33 feet, ts pecti- 



directiun in which the above ob»er»ation8 were made, this woulJ Iw nnoUier 
nrfjument in liivour of imr hypothesis. The increase of temperature ob- 
served in receillng from the shore, seems to be cunnecled with this pheno- 
menon. For aa the surface of Ihe earth on the shore was 'cooled lu a much 
(greater degree than the ice, the temperature of the air near the .nhore must 
be found lower than at a greater iliiitaDce from it- 
It is very much to be wished that accurate observers niay on future occa- 
sions keep these points in view, in order that they may, by means of ub- 
servatliin* directi^d immediately to this auhject, place that in a clear light 
which at present can only be given as conjecture. 

Von Humholdt(lleuie,aLC— III. 131) menliuna, that the luniperature at 
the surface of the Lake qf Valeaeia, during his slay in the valleys of Arogua, 
In the miinlh of February, remained constantly between 73°,4 and 74".75. 
It was from I'.OH to 2°. 34 below the mean lemperatuie of the air, whetlier ia 
consequence, as he remarks, of the evaporation, hy which the vater and the 
air are deprived of a portion of their heal, or because the changes uF tem- 
perature in a large body of water do not keep eijual pace with those of the 
air, and because amiiU streams run into tlie lake, proceeding from several 
cold springs on ihe neighbouring mountains. But as this philosopher Found 
in Cunono that the temperature of water, ajter having been exposed to Ifae 
aun in vessels during seven or eight hours, was always 1°.8 tu 3°.24 lower 
than the temperature of the sir in the shade ; then, supposing the depres- 
sion of temperature, caused in the lake by evaporation, to be equal to this, 
we should have for the real temperature of the lake, independently of this 
depression, a degree 0'.720 lo O'.d higher than that of the air ; without 
taking the other causes of a depression of temperature into conslderalioii. 
We are therefore justilied in assuming that rising w 
also exist in the Lake </ Valencia. 
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liarly adapteil. Fmin ihe alwve iraiti <if reasoning il would 
be expected iliaC such lakes would freeze to ihc bottom in 
winter; bui, according to Bieselx,* the last mentioned lake, 
although it remains fronen during eight to nine months, is usu- 
ally covered with ice of only 2 feet to 2J feet in thickuess. ■)■ If 
this assertion is true, it is indeed somewhat difficult to conceive 
how water, inclosed from above with ice, and from beluw with 
a ground of a temperature not surpassing the freezing point, 
should be able to remain liquid. Could the total want of mo- 
tion in the water, after being covered wit^ a layer of ice, be ihe 
cause of its remaining liquid P 

Such observations would, on the other hand, be a means of 
easily ascertaining the temperature of the soil in elevated regions, 
if that temperature were 38*. 75 or below 38°. 75, for then the tem- 
perature of the water in the depths would very nearly coincide 
with that of the bottom of the lake. It must, however, here be 
taken into con sid era I ion, that, if streams issuing from glaciers of 
a temperature nearly equal to 38°. 75 flow into the lake, this will 
have an influence on the temperature of the lower strata of the 
water. During the warm season it may easily happen that streams 
issuing from glaciers, if they fall into the lake at a certain dis- 
tance from the glacier, should have a temperature nearly equal 
to that of water at its maximum of density. I have also found 
several glacier-streams of such a temperature in the month of 
August at a distance from their source. But if the temperature 
of the lower strata of the water be 38°. 75, and the glacier-streams 
warmer or colder than 38°. 75, they will not reach the bottom of 
the lake. Thus, then, it may happen that lakes, in which the tem- 
perature at the bottom is above 38°. 76, and into which glacier- 
streams of a lower temperature are emptied, may he thereby so 
cooled down at their surface that the heal rising from the bot- 
tom will be compensated, and consequently that the mean tem- 
oerature at the surface will not be found to exceed that of the 



■ Gilbert's Annalen, vol. Ixiv. p. 202. 

t The water of this lake ii also so colil throjgLout the rest of the year that 
nil fish can live in it. I rouiiil the temperature of the surfuce uf the lake af 
Daulea on the Gemmi 1o tie 51*13, the temperature of the air beirif^ 4G°.17; 
and that of the small lake on the Faiiihnm at 4.S°.S0, when the lempemlur 
oftlienir was36°.50. 
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tnUom of liw lake. This cam caanot q/" eemrm eeeur is ifae 

takt (jfCamOanu^ meotiuied abore by way of example. 

What Uw rodu which cunpoae the bottoms of lakn, in wfaidi 
the umpersture at Uk bottom U 38*. 75, are tctj mt>cfa Basund, 
water of iliu temperature will escape from them. If such 
water reappear at, »pnags at a lower lerel, tbe springs will have 
a tempcralurc acaily equctl to S&'.75. Thua I fouod the above 
mentioDed springs (chap, iv.) chi the Spital Matte, which pro- 
bably proceed from takes situated above, to have a temperature 
between 37'.6 and 40°. 

If the temperature of the air over a lake never fall so low as 
that degree at which water possesses its maximum of density, do 
layers of water can possibly be met within the depths bavlngso 
low a temperature as that. For the lowest temperature of the 
air in the cold season is the minimum of the lowest temperature 
of tbe water in the depths. From this it follows, that in the 
plains of the torrid zone, or in low valleys, where the mean 
temperature is between TT'.QO and 80°.60, the bottoms of Uk« 
can never be below 69"-80 to ?r.60. • 

In the sea, the cooling of the water at the bottom 
ceed further, for the greatest density of sea-water is far 
38°,7. Marcelf has shewn that sea-water continues to contract 
and to increase in weight until it freezes to a solid body ; unce 
which a series of exfieriments have been made by Frman jun.,| 
by which lie found that salt-water of a apcciSc gravity of 1.037 
has no maximum of density, so long as it remains liquid, and 
even when ice is formed in it, the remaining liquid part conti- 
nues to increase very considerably in density. But this proj^rty 
must also belong to the water of the sea, which, according to 
Gay Lussac,§ from an average of fifteen experiments, possesses 
a specific gravity of 1.0286 at a temperature of 4p6°.4. If, then, 
ad Erman jun. asserts, Bea-watec offers no anomaly in its con- 
traction between -f-8° and S£°.i2, it is possible that in northern 
latitudes water may be met with in great depths in the sea of S5°.S. 

" Von Humboldt Reige etc. iii. 133. 

t 111 tbe paper read before tlie Rnyal Snciet; of London, alluded It 

J PofOlellclorlF'l Annal. vol. xii. p. 463. 

9 Annal. de Chlmie el de Phy». voU. vi. and vii. 1817- 
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The lowest temperatures of sea-water in great depths were ob- 
served by Irvioe and Horner. On the 20lh of Junt?, the for- 
mer fouDtl a temperature of 27°.5 at a depih of 3900 feet, in 67° 
Ji. Lat. ; and the latter observed a temperature of 28".4 in the j 
Sea of Ochotzk between SO and 115 fatlioms deep. Horner 
conjectures that this degree is the limit below whith the tempe- I 
ralure of the sen never falls. 

These temperatures are, then, still 2°,25 or 3». 150 higher than 
SS°.2. From which the same consequence may be deduced 
which was concluded from the above observations in the Swias 
Lakes, namely, that the water of the sea aiid of lakes must re- 
ceive heat from the earth beneath. The heat wiiich the sea re- 
ceives from its bottom depends, as in lakes, on the latitude, and 
the depth of the water. If the depth of the sea at the equator I 
were only 6()58 feet, and supposing the temperature of the 
earth there to increase with the depth in the same proportion as 
ia the sounding near the Lahe of Geneva, the temperature of 
the bottom of the sea would there reacli the boiling point ; but 
as ihe actual temperature at the bottom of the sea at its great- 
est depths in low latitude, according to Lenz, is 35°.96, we 
have SI 2° — 3°.96=208»,04 for the thermomelrical expression 
of the heat which is communicated from the bottom of the 
sen to the water, and with it brought to the surface. The po- 
sitive quantity of heat tlius brought to the surface obviously 
depends, as is the case in lakes, on the degree of conduclibility 
of heat of the strata beneath. As the sea in the torrid zone is 
very commonly far deeper than the above assumed depth of 
6658 feet, there must be many places in those regions where the 
temperature corresponding to the bottom of the sea would be 
much higher than ihe boiling point. But, even in the frigid 
zones, where the mean temperature falls as low as, and even 
lower, than 32°, much heat may still rise from the bottom of the 
sea even in moderate depths. The rising of heat from the bot- 
tom of the sea may, therefore, be considered as an universal 
phenomenon, even under the poles, and it will only be found 
not to take place where the sea in the frigid zones is so shallow, 
that there is no perceptible difference between the temperature 
f its bottom and of its surface. 
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Notwithstntiding tliat the heat which is cootiniully nsing ia 
the era incresKs in pri)porlion to the depth, yet no perceptible 
difference in the temperuiur<.'at iho-furfacetun beeauseal bv anjr 
vuriaiioiis in the mure consiileruble depths, fur in propurtkn tf 
the quanlily uf heat which rises from the more conaidenUe 
depths is greater, so is the quanlity of water greater thra^ 
which it is dispersed. But in shallows this difference musl be 
perceptible ; and this is a fact which, it is well known, was ob- 
served by Franklin and J. Williams,* and confirmed by blef 
observers, by V. Humlx)ldt+ and J. Davy. J On approachiof 
land, Williams describes the decrease of temperature as so per- 
ceptible, that coasts and shallows were indicated by the themuv 
meter, at distances in which ihey were not yet visible. He tiuC 
unfrequenlly found a decrease in the temperature of the sea of 
G'.IS during a sail of three hour^, and yet they were out of all 
danger. In some cases he even observed differences of ll'.S5- 
The more rapidly the depth decreases on approaching a «b«, 
the more rapid is the decrease of tempi'rature. These gretf 
differences very clearly shew the influence of the warmer watef> 
rising from below upon the temperature at the surface, and ifni 
influence is independent of the seasons, as the esperiments sbo 
prove- If, on the other hand, Sir H. Davy's § explanation oftlut 
phenomenon were right, namely, that the sea becomes cooled al 
itH surface by certain causes, and that in deep places the cooled 
layers of water are carried to a distance below the surface, whilst 
in fallows they remain near the surface, this decrease of tem- 
perature could only take place when the air is cooler than the 
surface of the sea. Neither is it to be expected, as Sir H. Da^r 
asserts, that this decrease of temperature should not take place 
in very high latitudes, where the temperature of the surface of 
the air is near 27°-50 ; for in deep places, where the boltotn of 
the sea would always possess a temperature higher than the 
mean temperature of the air, currents of warmed water nust 

■ Tninsactions uf the Ameriuin Society, vol. iii. ji. 32; and WilliuM 
Thermomelrical Na?igatJon. Philad. ITUO. 
t Gilbert's AnnaL voL vli. p. 3J2. 
t Philos. Transac- 1817, ii 275, 
S Joum, ofPc- vol. iii. 1817 i »nii Gilbeil'a AnnaL vol. U»i. p, 139. 
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continually rise, and thus impart to the surfuce a lempralure 
higher than it possesses over shallows. The phenomenon is, ' 
therefore, in no way dependent on the latitude, but only on the 
depth of the sea. I 

The higher temperature of the surface of the sea in deep I 
places seems also to prove, that only a part of the warmed water 
which rises from the depths is used in the evaporation of the 
water at the surface. Now, as the air over the sea partakes of 
the heat arising from iliis source, but to a very limited extent, 
we must conclude, as in the case of lakes, that the mean tem- 
perature of the surface of the sea is higher than that of the sur- 
rounding alniosphcre. And this is shewn to be the case by the 
observations made four times a-day (at 6 a. u., and 6 p. m., at 
midday, and at midnight) by Peroii. He found the mean 
temperature of the water of the sea at its surface, at a distance 
from land, between latitudes 49° N. and 45° S., always higher 
than that of the air immediately in contact with it. Accord- 
ing to Humboldt's observations, the ocean is also on an average 
rather warmer than the air with which it is in contact. The 
maximum temperalure of (he seas amounts to between 82°.4 and 
84°. 1, and the mean temperature of the atmosphere near the 
equator is only 78o.9 lo SO^.S.* 

The same was observed by J. Davyj-f- during his voyage to 
Ceylon, between latitudes 48" N. and S5° S. He made obser- 
vations on the temperature of the sea and of the air with the 
help of two assistants, from the 12th February to the 12th 
August 1816, every two hours, even during the night, and 
from them he calculated the mean for each day. Taking the 
mean of all these observations, which comprises 150 days, we 
find, that the sea was 1''.795 warmer than the air. Of these 
150 days there were only 17° on which the atmosphere gave a 
mean temperalure superior to that of the sea, on five days they 
were equal, and on 128 days the mean temperature of the air 
was lower than that of ihe sea. It may, indeed, with great 
robability be assumed, that the observations on those seventeen 

■ Beiae, 1. 363. See especially the data in the table, p. 362. 
+ rhiloaophical Transactiona, 1817, ''■ ?■ 275. 
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and live dnys were made m slmitower places. The frrenlcst excen 
of the mean temperature of the air over ihat of the sea in those 
wvenleen days was, however, only P.S; whiUt, on the oilwr 
hand, ihepreati'ct excess of the mean temperature of tbesen 
that (if The olmosphere, in the 128 days, amounted to I'Sl. 
Had Dr J. Davy added the depth of the sea, which however 
would have lieen attended with many inconveniences to hit 
numerous and valuable observations, it might have been decided 
with cfriainiy, whether the excess of the mean temperature of 
the sea ovtr ihat of llie atmospliere, lieconies really greater in 
proportion as the depth increases, and vke I'erm, whether the 
hypothesis thnt the mean temperature of the sea in shallows is 
lower than that of tlie air, hag any foundation. If we take the 
mean of the thermometrical observations in the sea and in the 
atmosphere, between latitudes 5° N. and 5° S., we find for the 
former Tgo.GO?, and fur the latter 780.326, making a difference 
here also in favour of the former, of 1°.454. 

The above observations include the latter half of the winter 
and a part of the summer in the northern a(mo8[Aere, and the 
whole autumn with the first half of the winter in ihc southern 
bemisphere, comprising more of the cold than of the warm sea- 
sons. However, if we only lake the average of the summer ob- 
servations in the norihcrn hemisphere, from the Isl to the IJilh 
of August, we find the mean temperature for the sea T9''.953 ; 
for the air 780.353, which even thus gives a difference of 1°.575. 
The higher mean temperature of the sea as compared with that 
of the air, seems, therefore, to be by no means confined to (he 
cold season. 

Should the water of the sea reach its maximum of density ai 
a certain low degree of temperature, the circumstances would be 
similar to those above developed relative to lakes in elevated 
8 tuations. Namely, in high latitude^!, where the temperature 
of the bottom of the sea would be as low as that corresponding 
to the maximum of density of the sea-water, the sea would 
neither impart heat to, nor receive heat from, the bottom. In 
such places there could consequently be no ascending current 
of water. 

If the s.-a nas a motionless mass of water, its temperature U^ 
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great depths coald never Tall below the minimum temperature 
of the air. The temperatures 46°. 4 and 41°. 6, observed in great 
depths in tropical seas, could then not be accounted for, as in 
such climates the temperaturo of (he air never falls below 65°.5 
to 68°, But if inferior currents flow from the poles to the 
equator, in the manner of the woll-known stream which runs 
from the Cape towards the coasts of Brazil and the Gulph of 
Mexico, we must no longer be aBtonisbed at the low tempers 
tures observed in low latitudes. • 

The floating ice-bergs in the Polar Seas, which, according to 
the corroborative accounts of the whale-fishers and northern na- 
vigators, even in a calm, travel southward, seem also in certain 
seasons to assist in the depression of the temperature of the sea 
in low latitudes, f 



KOa these currents see Gu;-Lussbf, AnnaL de Chim. el de Phjs., vols. vl.> 
vll tS37 ; Lsmarche, ibid. voL v. ; and Cbladnl, in Gilbtrrt'a Annalen,' 
Ixii. p. 133; Barrow, in the Quart. Rev. Feb. 1818. No. 35; John 
Davj, Edin. Phil. Jour. voL liii., and Von Humbotdl's Reise. English edi- 
tion, voL i. p. 63. 

+ Will. Scoresby jun., in (lie Wernerian Sotloty, 1815, and Barrow, Quart 
Rev. as above. In Davit'i Strails where they »re eiceeiiingly numerous, 
they always travel towardi the south, extending without the atraita lo an al- 
most incredible distance, ami are Found in great numbers on the shallows 
about NeiBfoundlaiuLi and have been met with in lat. 40° more than 2100 
nautical miles from the place ol' their origin. The whale-lisbers are not un- 
iVequently eniloaed by them anj carried away to S. W. Scoresbyjrelates 
that ships have often been driven Fr^jin the usual places for whale-flsfaingin ^S' 
and 80° N. Lat. and a few degrees uf K. Lung, in a south-westerly direction into 
lat. 02°, and longitude .10° W. of Greeaunch^ and have still continued to be 
borne along. In the Autumn of ISIR, the Greenland traders returning from 
the whale-fishery, brought news that the immeaiurable plaiBS of ice vrhich 
bad been amassing for the last. 400 years on the coast of Greealand, were 
beginning to break up, and to drill towards the south ; in the succeeding 
years this report was confirmed by several vessels, which, on their return 
to England from the West Indict, North America, and Neafaiin^and, had met 
with great fields of ice and lofty icebergs, floating southwards, yrom lati- 
tude 4G°.5 tn 40% Ihey continued to be encountered by vessels; indeed, in 
thesummcT of 1818, they even proceeded as far as Cu*a (22° N. Lat.). 
the southern hemisphere, floating ice mountains are also met with in extr». < 
ordinarily low latitudes— in latitude <V and even 30°. See Phil. Trans, for j 
1830, Fart 1. p. 117- 



116 Prof. Bixhoffimt/u Temperature ^Springs. 

But whether thia phcoomcnaa is so extensive as ti 
the melting of such ma<iws of ice, not only a local but a geoeral 
cYKiling uf the sva in low laliludes, 'm dlflii-ult to iletenniiK. 
'Tin true navigators have met with miuses of ice of several nau- 
tical miles in circumference; indeed, one has bcea seen ^glit 
tnilcs in width, and the whole length of which could not be com- 
passed by the eye, and another of such dimensions that a ship 
raquired three days lo get clear of it, whilst at the same time it 
rose to a hi-ight of 100, SOO, and S50 feet above the sea, and 
must, therefore, have extended to the depth of 450, 900, and 
1100 feet beiow the surCiicc. But, although considerable, what 
are these masses of ice compared with the enormous quantities 
of water of the ocean in the temperate and torrid zones i^ Yet, 
since several natural philosophers have sought the cause of the 
cold damp summer of 1816, and a part of 1817, which was so 
prejudicial and destructive to a great jiart of Europe, in the 
mejiing of those enormous masses of ice,* and since, in Great 
Brita'ui, the thermometer was observed to fall whenever the 
wind blew from the west, it may well be supposed that those 
masses of ice do actually exert some influence on the depression 
of tempei'uiure in the sea in low latitudes. 

As, notwithstanding ihcse causes of a depression of the tem- 
perature of the tropical seas, their temperature is still higher 
than the mean temperature of the air, with which tliey are in 
contact ; and, as farther, the water of the sea loses some of its 
heat by evaporation — other causes must cause an elevation of 
their temperature, which overbalance all these. The water of 
the sea does indeed receive more heat from the rays of the sun 
than the air; but it also, on the other hand, loses heat in the 
night by radiation. It is true we are nut able to measure the 
relative pmvers of the warming and cooling influences which 
operate on the surface of the sea ; but- it is hardly to be suppos- 
ed that the former could be the most powerful, unless the sea 
received heat from the earth at its bottom. 

* Cl^Iadni, \a Gilbert's Annal. voL lul. p. 132. 



Part II. — Are the observations hUherlo made in mines sufficiiint to 
determine the law of lAe titcrease of temperature tofoards the cen- 
tre of the Earth ? 

All our former investigations have led us to conclude an in- 
crease of Icmperatiire towards the centre of the earth ; no phe- 
nomena, no observations, were contradictory to such an hypo- 
thesis ; indeed, without its previous admission, many were in- 
capable of explanation. We have now to determine whether 
this increase of temperature follows any fixed law, and whe- 
ther that law is the same departing from all points equally dis- 
tant from the centre of the earth, for example, from the level 
of the sea. Although it would seem that this inquiry could only 
be made by means of experiment, by comparing observations 
actually made, it may yet be deemed not inexpedient, first to 
consider what causes may influence the internal temperature of 
the earth, or in general, to determine what modifications the 
external temperature may operate on that of the interior. 

Chap. XII. — What irtftuence do the meteoric waters exert OTt the in- 
lernal temperature ofl/ie Earth ? 

In Chap. VII. it has been shewn that the temperature of 
the meteoric waters has no great influence on that of the crust 
of the earth through which they flow. But small as this in- 
fluence is, it will yet be found to be very various in different 
parts of the earth, according as the strata be more or less per- 
vious to water, or as the waters sink to a greater or less depth. 
But such variations must naturally disturb any supposed fixed 
law in the increase of temperature towards the centre of the 
earth. 

The uninterrupted infiltration of tlie meteoric waters into 
mines, must cause a general cooling of the surrounding rock ; 
for, admitting the increase of temperature towards the interior 
of tlie earth, the mean temperature of those waters must ne- 
cessarily be lower than that of the mines in their lower work- 
ings, where tlje direct influence of the external heal can no 
longer be felt. But as we are not yet acquainte with any 
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other means of nitcer milling the incrcftsc of tcmperati 
wards the interior, than iiy observations in mines, this diffi- 
culty can never be avoidei!. Reich' justly remarks, that tbia 
effect of the atmospheric waters must be greater in old mines 
than in new ones, although in time we do not doubt it must 
reach its limit. To this cause, as well as to the einking of the 
colder air into the mines, he is inclined to ascribe the lew ra- 
pid increase of temperature observed in the Erxgrlnrge. 

The observations in the Saxon Ersgebirge furnish many 
proofs of the cooling efl'ect produced by the action of the 
meteoric waters on the rock in mines. Thus, Reich f found 
from thirty-three monthly observations, that, at a depth of 
215 feet in the MathusaU-jn, mine, in the Frtyberg district, the 
air had the same tumperature as the rock, that the aeaeoni of 
the year seemed to have no eft'ect upon it, but that after con- 
tinued dry weather the tempsramre was somewhat elevated, 
and that it suffered a depresiiion after long continued wet 
This depression will of course be greater, if water brought 
from the surface into the mines, for putting the machinery in 
motion, should happen to pass near the points of observa- 
tion. 

In a sounding at RwXtndurf, eight leagues from Berlin, which 
has been carried on to a depth of 880 feet from the surface, 
and 700 feet below the level of ih^' sea, a continued increase of 
temperature has, indeed, been observed in the greater depths, 
as well as an uniformity in the temperature of the water which 
flows out of the sounding pipe, at the bottom of the well or 
shaft, which extends to the depth of eighty feet ; however, from 
a comparison of the continued observations of more than two 
years, we find a considerable irregularity in the increase of 
temperature with the depth. The most rapid increase is ob- 
served from SOO to S25 feet deep, where, on the 4lb of Decem- 
ber 18S1, the temperature varied from 56°.80 to 62°.37, giving a 
difference of 607- This circumstance can hardly be accounted 
for in any other maimer, than by supposing colder springs to exist 
there, which suddenly coo! the warmer waters rising from b^ow. 
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■Tbe mixing of these springs cannot take place immediately, as 
the sounding well is lined with a sheet-iron tube to the depth 
of 6S1 feet. A later observation gave this sudden increase^ 
between 200 and 250 feet at 5.85 ; indeeil the temperature was 
found to be generally lower at equal depths at the time of this 
experiment, than during the former. Tiie highest tempera- 
ture ill the bottom of the well was 74.30." 

Were a well to be sunk on Teneriffe, for the sake of ther- 
mometrical observation, at less than 4000 feet above the level 
of the sea, within which limit Von Bueh found but slight va- 
riations of temperature in the springs, would not such an uni- 
form temperature in the waters issuing forth at such unequal 
fevations, have some influence on the temperature of the strata 
tuated within those limits ? 
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What inflvfHce have iheniml springs i 
rature of (he mterior of the earlh ? 



( tlie tempt- 



In Chap. TV. it has been observed, that considerable bodies 
of water rising with an elevated temperature are capable of in- 
fluencing the temperature of the soil. This remark holds 
equally good for strata situated at a greater depth. Were we 
obliged to confine ourselves to the consideration of those 
commonly called warm or hot springs, it might be objected 
that they are a local phenomenon, and ought, therefore, not to 
be taken into account. But in Chap. I. we have shewn that 
thermal springs are of very general occurrence ; that they are 
not entirely wanting in any formation ; and that in different 
places they are only more or less frequent, and more or less 
elevated above the mean temperature of the air, sometimes rising 
to tlie surface by natural or artificial artesian wells, and some- 
times being held Imck' l»y impervious strata. How various and 
innumerable, then, may not be the effects of thermal waters 
upon the interior strata of the earth ? 

In the copper mine at Oatfield, at a depth of 1392 feet, and 

233. Sec also vol. xxii. p. l.'W, aiirl in th* 1 
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?S feet niit of the shaft, the temperature was fuund, ia Maj 
18S3, to be 79° .92 ; whilst in an end, situ&tol only S4 feet 
dt-cper, 180 fwt to the west of the shaft, it was 85='.10. Here 
ihc water, which indued in considerable streams from two nar- 
row cleft* in the flimr of ihe gallery, but a few feet distant frma 
on« another, ulifwet) the unequal temperatures of 81°^aod 
SCMS". Ill lln; neighbourhood of some tepid springs in the 
Churprma^Friedrkk-Jugust adit, in the Ersgebirge, the tem- 
pcratiin- of the air was exactly 68'.0 ; and whon the waters 
had acquired an uninterrupted afflux, they soon warmed the 
rock to such a degree that their temperature remained constant^ . 
Kow great, then, must be the influence of considerable masses 
of water of an elevated temperature, such, for instance, as those 
at Aia-la-Cliapellt, Burtackc'id, Wiesbaden, Carltbadi &c., tn 
the roek l>eneath the surface. 

Waters which descend into the earth through clefts operate 
mure or 1v«b with a cooling effect, an<I, on the other hand, waters 
riling fmm great depths operate more or less with a warming 
efl'ect, ujwii tile rock. 

Innumerable mochfications may be caused in the thermome- 
tricol circumntances of the interior of the earth by various com- 
binations of cases ; we will here mention a few for the sake of 
example : — 

1*(, Let EE, PI. II, Fig. 2, be the bottom of a valley, cut off 
from cnmmuntcatiun with the surrounding hills by the imper- 
vious ittrata d,d,d, but the soil of which admits of the infiltra- 
tion of the meteoric waters until they reach those impervious 
strata. In this case the meteoric WDters will only sink into the 
earth without being able to return to the surface. The soil 
through which these waters have passed can therefore suffer 
no alterations of temperature but from without, as all waters 
which might bring heat from below are intercepted by the im- 
pervious strata d, d, d. 

Sd, The contrary case will happen when the impervious strata 
d,d,d, are wanting, and when the waters which sink through 
the clefts to a certain depth, /, (PI. II, Fig. 3) are forced again 
to the surface at A by hydrostatic pressure. 

GUbert'B AnnaL, vol. Ixsvi. p. 431. I Eeich., p. Id3> 
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Sd, Let Fig 4, PI. II, represent a mountain. The springs in 
the upper regions will most commonly descend through the 
sloping cliannelfi ab, cd, cf. Here, then, will be an example of 
case \si, namely, when the interior strata can only be acted on 
by the external temperature. As the temperature decreases 
from below upwards, the strata situated nearer tc the foot of the 
mountain will besides be cooled by the waterswhich descend from 
the higher regions. Should any part of the meteoric waters be 
enabled, by entering extensive fissures in the mountain, to de- 
scend far below its foot, and reappear in the plain, it would 
bring up heat with it to the surface. So that, according as the 
observations be made in tlie mountain or in the plain, all other 
circumstances being alike in both cases, the results must shew 
an unequal increase of temperature towards the centre of the 
earth. 

If we consider all the cases above investigated, we see that 
the increase of temperature towards the centre of the earth, 
even if supposed in itself to follow one fixed law, must be 
found to be very different, according as the wells in which the 
observations are made happen to be sunk at the foot of a moun- 
tain, or more towards its summit, on an extensive plateau or 
on the slope of a hill •, whether they be encompassed on all 
sides by iuipervious strata, and whether they be immediately 
surrounded by high mountains or not. What innumerable 
combinations of these different cases may not be imagined by 
which the increase of temperature towards the centre of the 
th might be influenced .' 



'. XIV. — What influence has the air on observalions of tempe- 
rature in minet f 

That this influence must tend materially to disturb the ob- 
servations is easily to be foreseen. When shafts communicate 
with adits, or when (>everal shafts of unequal depth are in commu- 
Dication with each other, it is well known that an uninterrupted 

* On the Influence whuh the configuration of the surface of the eurtli kaa 
B tlie increase of temporal ure tuwarda its ceutre, see Chap. XVIL 
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change of air takes pUce, the directiun uf which depends ou Uie 
external temperature being higher or lower than that of theair 
in the mine. In the fwmer case the warm air sinks down into 
the shaft, and the culd air escapes from the adit ; in thf latter 
the told air enters by the adit, whilst the warm air rises out of 
the shaft. This change of air iti not only dependent on the 
seasons of the year, but on the time of day, and even on the 
wind, which agitates the air without*. 

In the mines of CtirnuiaU, a difference of IM^ was found 
at a depth of 1071 feet betwi'en the summer and winter obser- 
vations -f-. In ihc aafiferom m\ae% ai Pestareiia di Macugnana, 
in the valley of Anzanca, the MaRh and August observations 
shewed differences uf V.515 in a depth of 770 feet, wliich did 
not entirely disappear until a depth of 1077 feet +. Amtmg 
the alwve-mentioned observations, which have been carried on 
since 1828 in many of the Prussian mines, holes were bored into 
the rock in places free from wet and draught, into which the ther- 
mometers, surroundi^d with a non-conductor of heat, were sunk, 
so that the scales projected sufficiently to enable the observer to 
read off the degrees without the necessity of witlidrgwing them. 
Notwithstanding these precautions, fluctuations were caused in 
the height of the mercury not only in the upper but also in the 
lower stations, by the imperfect e^iclusion of the air from the 
thermometers. From the table given in Chap. VIII. may be 
seen how irregular these effects shew themselves at depths of 
27 to 63 feet ; but even from 145 to 738 feet below the sur- 
face differences of 0.562 to 2.95 occur, the latter of which were 
observed in the greatest depths. The variations of the ther- 
mometers in the upper stations corresponded in some cases very 
regularly with those of the atmosphere, but in others they were 
totally different. In the tatter cases the influence of the fur 
can only have acted very indirecdy. The fluctuations in the 

■ Fux communxcatea iame inleredting experitnents on tbe effects ofdiaiiga 
uf air in mines in the Transactions of the Bojat Geological Society of Cam- 
wall. 

t Tbomos Lean in Ibe Annal. 6e Chim. et de Fhvti., vol. ilii. p, 300. 

i Schweig^r's Jahrbuch, vol lii. p. 368, in note. 
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erEtation feeldoni correspoDded with those in the upper, at 
one time being altogether <ti(rerent, at another time, although 
eorresponding pretty exactly on the whole, yet each fluctuation 
being greater than in the upper stations. 

In Chap. VIII. it has been remarked, how, during the ob- j 
servations in the Saxon Ersgtljirgc, even thermonieters, the' ' 
bulbs of which were sunk 40 inches into the rock, and that at 
depths to which heat caimot reasonably be supposed to be com- 
municated through the earth's crust from without, still indi- 
cated the influence of the external temperature. I ndeed, at the 
great depth of 1014 feet, at the lowest point of observation, 
the effect of the air in the mine upon the thermometer, which 
was increased by the bulb being only situated at a distance of 
30 inches from the surface of the rock,* was very great. Here 
the greatest difference observed during twenty-eight months 
amounted to 4". 77. The result of the experiments was, that 
out of S9 different points of observation, situated from 147 to 
1014 feel below the surface, 18 were found to give evidence of 
the more or less considerable influence of the seasons. In one 
place, at the depth of 687 feet,-}" during three years, the highest 
temperature was observed in the middle of the winter, the 
lowest in the middle or towards the close of summer. The in- 
fluence of the air could be observed with the greater cer- 
tainty, in these experiments, as other thermometers, exactly 
corresponding with those sunk into the rock, were placed, as 
we have before mentioned, close by them, for observing the 
temperature of the air. 

From all this it follows, that it is extremely difficult, or, in 
fact, literally speaking, impossible, perfectly to protect the bulbs 
of the thermometers, buried in the rock, from the influence of 
the seasons. This would he no inconvenience, if the effect con- 
tinued, as far as the place of observation, to correspond pre- 
cisely with the variations of the external temperature, provided 
the observations were carried on for at least a year. However, 
it may be supposed, with great probability, and the observa- 
tions in the Erzgebirge seem to favour the suppoGttion,^ that 
the effect is more frequently to depress than to raise the tem- 

I ■ Reich, p. ilfJ. + Ibid. \^. 31, I Ibid, ji, 133. 
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pcraturf. Unfortunately the extent of this effect is imj 
to l>c dptermined. 

In Chap. VI. we noticed the natural ice-^^tlos, and, in g^ 
neml, all points which possess a temperature lower than the 
mean temperature at the sxirface. We then asserted, withgrett 
plausibility, that their number might easily be increased with 
a little attention, Several philosophers, and, among otba% 
Kupffer*, have wished to explain this phenomenon, by suppos- 
ing that the cold air which sinks into such caverns in the win* 
ler, cannot, by reason of its greater specific gravity, eaidly re- 
ascend during the summer, or, at least, that it only gives way 
for other colder layers. Although this explanation will not 
suffice in all cases, yet in many it may be admissible. This 
granted, the observations on the increase of temperature in the 
earth would suffer material interruptions in places where cir- 
cumstances are similar to those necessary for the existence of 
ice-grottos. The above-mentioned observations in the Erzgi>- 
birge, furnished exemplifications of this fact. 

Chap. XV. — What influence has climate on die progremon of At 
itufreaee of temperature towards the centre of the Earth f 

Althotigh circumstances of climate may cause differences of 
several degrees between the mean temperature of places situat- 
ed in the same latitude, at the same elevation, and at no great 
distance apart, yet it cannot well be supposed that the in- 
fluence of such variations would be felt to any great depth in 
the earth's cru}>t, indeed it could hardly extend beyond the 
point where the temperature becomes constant. In such a 
case the progression of the increase of temperature would be 
found very different in those places. 

The cbmate of a place is influenced by a superabundance of 
woodland and humidity, and consequently by aridity and 
barrenness; the former causing cold, and the latter increas- 
ing the warmth of the climate ; further, by the radiation of 
heat from heated plateaus, the nature of the soil, the vicinitjr 
of glaciers, the accumulation of chjuds, and so forth. Tbus^ 

■ Fo^pu. Ann. vol xvi. p. 262. See also Reicb. p. 202. 
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for example, according to Soiissingault, the mean temperature 
of the valley of Magdakna in the Cordilkraa, situated at a ' 
height of more than 600 feet, is the same as at CariJiagena, on | 
the sea coast. On the other hand, geological peculiarities and 
proximity to active volcanos do not affect the climate. Puraci, 
Pasto, and Cumbal, which are commanded by active volcanos, 
have not a higher mean temperature than Bogota, Santa Rosa , 
d£ Osos, and Puramo de Herve, which repose on a perfectly 
unvolcanic soil. 

This subject is treated at greater length in Chapters XVII, 
and XVIII. 

Chap. XVI. — The unequal power of cottductirtg heat, possessed by 
liferent rocks, causes differences in the progression of the inertOM 
^temperature towards the centre of lite earth. 

This seems to he particularly striking with respect ty metal- 
liferous lodes. Fox* observed in a mine in Cornwall, that 
thermometers sunk into a metalliferous vein, stood in general 
2''.25 higher than when placed in holes bored in the rock, par- 
ticularly in granite. Tin veins usually shewed themselvea 
colder than those which yielded copper. The tin mines of 
the Sauberg at Ehrenfriederadorf-^ also shew a remarkably 
low temperature ; indeed, it is a prevailing opinion there that 
stanniferous mountains arc colder than others. At Ehreitfrie- ■ 
dersdor/l the correctness of this opinion could never he que»- , 
tinned, liecaiise, in many parts of the mine, ice is at all seasons I 
■■ of the year to be found in considerable quantities. The low < 
temperature of Heinrickssohlcf in the Altenberg district in the 
Erzgebirge, was also supposed to be ascribable to the rocks of 
tinstone.J It may, however, be questioned whether this phe- 
nomenon be not a consequence of the dislocated state of the 
rock, caused by the peculiar method in which it is worked. 

* AnnaL de Cbim. el de Fhys. vol. xvi. p. 8D. Fox remarks that at equal 
depths, granite and other hard rocks are, in general, of lower temperaltire 
than clay-Blato and uther soil and porous roclcs. 

t Reich, p. 87 and 107. , 

_ f Ibid, p. 87 and 107. . 
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Arago. with justice, rotudders this phenonienpn of grenl 
portancc, and remarks, that Us further investigation would dA 
only serve tit prove the existence of a superior temperature in 
the interior oF rock!< and metalliferous veins, but would afibti 
an adcKtional oLjcttion to the hypothesis, supported by sevtnl 
philosophers, that the higher temperature in mines is the rt- 
sult of the action of the air upon substances, particularly (he 
pyrites, on the walls of the galleries. To prove that the ob- 
servation alluded to indicates a more important source of heat 
in the interior, he adds two mathematical formulae from Fou- 
rier's Tlieorie de la Chaleur, from which it follows that, ceeterii 
paribva, the temjieralure of the mass of a lode which is in con- 
tact with the atmosphere is greater, the more easily heat is con- 
veyed into the interior of the mass. Cordier,* in his observa. 
tions on mines, also mentions the great influence of a metalli- 
ferous zone on the subterranean temperature, owing to its su- 
perior conductibility of heat. 

From the observations on the internal temperature of the 
earth, carried on in various mining establishments in the Vm^ 
sian dominions, it has also been found, that the increase of teok 
perature is, in general, much more rapid in coal than in metal- 
liferous mines. -f- Von Dechen, the publisher of these observa^ 
tions, leaves it undecided whether this greater increase of heal 
is produced by the decomposition of the pyrites and coal, in 
which case it would not exist before the opening of the mines, J 
or whether it is a consequence of the locality of the r^iine. If 
we take into consideration the difference of the facility with 
which heat is transmitted by coal and mctaJs, we shall be 
cliued, agreeably tu the observations communicated above, to 
look upon this as the real cause of the phenomenon. From 
observations in five coal-mines, the result was, that an 



• M6in. de 1' Acad. Roy. de Bciencee de Paris, vul. vii. p, 473. 

+ Poggend, AnnaL vuL ixii. p. 497 and following. 

X D' AuhuUaon (Journ- des mines. voL xxi. Anrial. de cbim. el de phjr*> 
vol. xiii. p. 164. See on tiie other linnd, Fox, in Citti. AnnnI- vol Ixxvi 
p. 427, 442, and 448.) found. In a mine near Huelijoal in Bretagne, the tenpe- 
ratiire in tlie upper works to be S°8 ; but at the depth of 230 mctiea 15*8, 
and the water vitrlulic:. See CImp- III. 
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Ptraiperatureof S^-SSoccurredin 128.8 feet, and from observa- 
is in two metalliferous mines, the depth corresponding to an 
l°.25 was 325.5 feet 
sing that tlie teinp<;ratiire in the upper station of the 
erous mines, where observations on the increase of 
lerature were made, should be found S°,92 hijrher than in 
I coal tiiines, whilst the temperature in the inferior station 
f both mines would be the same, the depth, corresponding to 
I increase of 3°.S5, would be in the metalliferous mines also 
S.3 feet. 
t would be difficult to make a correction for this not unim- 
ifluence on the increase of temperature, proceeding 
n the unequal power of conducting heat of different rocks. 



Chap. XVII. — Can the increase of Temperature lomtrtU the in- 
terior of the Earth JoHow the same law in all parts oftheEartk, 
departing from points all situated in tli^ tame level ? 

According to Chap. VIII., the influence of the external tem- 
perature under the equator scarcely extends to the depth of 
twel-ve inches below the surface of the earth ; whilst in the 
temperate zones it extends to a depth which has not yet been 
ascertained, but which in our latitudes, perhaps, amounts to 
sixty feet. Curves may, therefore, be supposed to be drawn 
from the equator to the poles ; at the former reaching to with- 
in one foot of the surface ; in our latitude lying at a depth of 
about sixty feet, and extending at the poles to a still greater 
depth, and thus describing the limit of the influence of the 
external temperature. A constant regular increase of terape- 
ratnre, dependent only on the interior temperature of the earth, 
can, therefore, only be supposed to commence below this limit ; 
the cnist of the earth above the line which marks the limit 
being exposed at the same time to the influence of the external 
temperature of the air, and of the interior heat of the earth. 
But unJer the equator the former influence disappears, and the 
increase of temperature depends solely upon the interior heat 
of the earth. In higher latitudes, on the other hand, both in- 
fluences are found to operate. This we find by observations 
on the temperature of those springs which have their origin 
within this limit ; namely, those springs observed by me, and 
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dteciin Chap. XVIII, Nu.1,8, 12, and 14, which thew ytan^ 
ly variadonfl of temperature, but have yet a higher mean tem- 
perature than that of the place where they rise. In general, 
all thermal springs wliich shew yearly variatian-i of tempers- 
ture, may be considered as proofs of this a^tsertion. 

It must be remembered that the limit of the influence of the 
external temperature is absolute, but not so that of the intenuL 
According as tlie depth below the svirface be greater or less, so 
will it require a longer or shorter time after the minimum tem- 
perature of the air.before the temperature of the variable crusts 
of the earth will begin constantly to increase, until the tempe- 
rature of the air reach its maximum. And according as the 
depth below the surface be greater or less, so will it requires 
longer or shorter lime after that maximum, before the tempe- 
rature will begin to decrease again, which will continue until 
the return of the former period. Thus, during the first half 
year, there will be a transmission of heat from the surface to- 
wards the interior ; and during the second half-year, on the 
contrary, from the interior towards the surface. This os- 
cillation during these [wo periods can, of course, only take 
place within the variable crust of the earth. Should ever the pe- 
riod from the minimum to the maximum increase to the double, 
the depth to which the external temperature penetrates would 
also increase almost to the double. That, in fact, the maxi- 
mum and minimum temperatures of the air do not coincide with 
those of the soil ; but that the yearly extremes of the latter oc- 
cur, at the deepest points of the variable crust of the earth, 
according to the observations on the temperature of springs, 
about three months later than those of the former, is evidently 
a consequence of the slow transmission of the heat thro,gh the 
strata of earth and rocks. This circumstance, however, oasno 
effect upon our considerations. 

But how is it with the heat proceeding from the interior ? 
Here we have no changes of the seasons, Here there is always 
an excess of heat in the interior, and a smaller quantity in the 
variable parts of the earth's crust. The direction of the com- 
munication of the heat must, therefore, always be the same ; 
namely, from the interior towards the surface. In the part of 
the earth's crust, subject to variations of temperature, there is. 
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consequently, a traTismiBsioii of heat during one half of the 
year from below towards the surface ; and during the other 
\ib\!, from the surface towards the centre of the earth ; hut 
from the interior it is emitted constantly from the centre to- 
wards the Burface. That the latter is actually the case, is very 
clearly proved by the above-mentioned springs, which partici- 
pate in the variations of temperature in the outer crust, but 
yet are thermal, 

To find the law of the increase of temperature for a given 
place, entirely free from all external influence, the depth must 
always be first determined by observations, to which the im- 
mediate external influences penetrate. In Chap. VIII. we have 
already seen that this is a difficult problem. 

If the external causes which have an influence on the tem- 
perature of the earth in a certain district, penetrate to a cer- 
tain depth t feet ; then, all other circumstances being the same, 
this depth would be the same in the mountains of that dis- 
trict as in the plains. Let us suppose the district only to be 
of such an extent, that t have the same value at every point of 
it ; the limit of the external influences would then be parallel 
to the form of the surface, running horizontally beneath the 
plains, and rising under the mountains. 

Supposing the decrease of temperature to depart from the 
centre of the earth, or from any spheroid concentric with the 
surface of the earth; it is immaterial whattlie temperature of the 
centre or of the nucleus bounded by that spheroid may be ; this 
decrease of temperature, all other circumstances being the same, 
cannot proceed according to the same law towards all points of 
the earth's surface in concentric spheroids. For in that case 
there must be the same temperature at all points of the sphe- 
roid which forms the limits of the influence of the external 
temperature, whether under the equator, or under the poles. 
The decrease of temperature from the interior of the earth to- 
wards its surface must, therefore, follow different laws in dif- 
ferent latitudes; that is to say, the temperature must increase 
more slowly in proportion to the depth, under the equator, 
than at the poles. 

If we imagine curves drawn from the equator towards the 
loles, all points of which having the mean temperature at the 
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equator, or 81'.50, they will touch the surface at the equator, 
but will diverge from it as the latitude becomes higher, aiid si 
the poici* ihey will dip deepest into the earth.' If, for ex- 
ample, we draw sueh a line in the meridian of Corwteail, it will 
there dip to a depth of H4 fathoms ; for at this deiptb, accf>rd- 
ing tu Fox, the waters in the mines have the mean temperature 
of the equator. All these curves m the diSereut meridians form 
a spheroid, which is somewhat more flattened than the surface 
of the earth. We may denominate these curves of equal tem- 
perature subterranean tsotltennal or c/Uhoniaotkermal linet, 
from ^lai, the earth. It is easy to be perceived, that these 
curves will I>end sometime!^ upwards and sometimes downwards. 
Supposing the earth once to have had a higher temperature, equal 
throughout its surface, whether on mountains or in valleys; 
then the increase of temperature towards the centre, all other 
circumstances being the same, and supposing the atmoqibeR 
at any place to have had the same temperature at all beightfl# 
would, after the cooling down of the earth from the sarhte 
towards the centre, have followed the same progression from all 
points of its surface. But a.t the temperature of the air de- 
creases in proportion to the height above the surfai-e of the 
earth, the different points where the increase of temperature is 
the same, cannot, even within a small space, lie equally distant 
from the curved surface of the earth. If we apply this to a» 
uneven portion of Lhe surface of the globe, of so small an ex- 
tent, that the decrease of temperature caused by the diiFerence 
of latitude is not perceptible ; then the curve ABC, Fig. 6, 
Plate II, parallel to the surface of the earth, will not have an 
equal temperature at every point. For, as the temperature of 
the air is lower at D than at E, the curve of equal tempera- 
tures must be different from ABC, and must pass through a 
point F, lying deeper, or further from the surface than B.t 

* If tbe mesn temperature at lhe North Pole is, an Yoa Buch iSBUmeg, 
_!= 19°.G6, and if the temperature there increases at the same mte as in the 
temperate zone, the curve of 8l°.60 would M\ at the North Pole tn b depth 
of 3)ai ftet. 

f In Tormer observatiiins on lhe temperature in minea, only the verlictl 
depth in which a certain iciereaae of temperature has been discovered, is 
f[iven. without taking into conHiderotiiiB, lliat observations from F. to A miint 
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1 this it follows, tliat a chthon isothermal line of any tem- 

rature, which was under a small district parallel to the sur- 
i, cannot continue its course under a neighbouring mountain, 
er parallel to the external configuration of the mountain, 
a the continuation of its former direction, but must curve 
ipwards as in the figure. 

It might be for a moment supposed that the decrease of 
temperature from the base of a mountain to its summit, would 
follow the same law as that which takes place in the same ele- 
vation in the atmosphere. But in that case we could never 
find a higher temperature in the interior of a mountain than 
at its basis ; which, however, is contradicted by the observa- 
tions made in some mines situated in very high mountains in 
America. 

The workmen in the mines of Guanaxuato in Mexico (Sl°15 
north latitude) find themselves at a depth of 1607 feet in a tem- 
perature of 98°.15. This is about 15°.75 higher than the 
temperature of (lie equator at the level of the sea, and yet this 
point lies at a height of 4617 feet above the sea •. Bousain- 
gau]t-|- found the temperature of the soil near the Hacienda del 
Rodeo, at an elevation of 4128 feet, to be 68°; and Von Hum- 
boldt, at an elevation of about 11,200 feet above the sea, in the 
Mina del Purgaiorio, in Peru, and in about the same latitude, 
found a temprature of GTStQ. The chthonisothermal line of 
G8°, therefore, rises 7072 feet between these locahties. 

The rising of the chthunisothermal lines in mountains of less 
considerable elevation is also proved in our quarter of the globe. 
In the bore at Pregny, near Geneva, (Chap. XIX.), a tem- 
perature of 63° .06 was found at a depth of 680 feet below 
the surface, and 511 feet above the level of the sea. De Saus- 
surej found the same temperature in the mine at Bex, 677 feet 
below the surface, and about 2300 feet above the sea. Thus 
the chthonisothermal line of 63°.05 rises about 1789 feel between 

give K very different result from those made between D and B. This point 
was first mentioned in Von Dechen's thtrmonietiical observations in various 
/"nwsion mines. 

* Van Humboldt in Gilbert's Anna!. IxxFi, p. 45D. 
p t Annai. de Chim. and de Phyi., vol. liii. p, 24!). 
\~t Voyages dans les Alpes, g lOSS. 
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Ceacva and Bex. Lotuion, Miuatrd in latitude 51°.4(f Donb, 
ties 14feft above the sea, and themcaD temperature of the soil is 
Slo.Ol. The eighth g&\\i.Ty in the CkurpTinz-Friedrkk-Jiiguit, 
ErbstolU, near Freybtrg, in nearly the same latitude, {SC-SS'), 
lies 41 feet above the sea, and 9^6 feet below the surface, and has 
a mean temperature, according to the average of three years'' ob- 
servations, of 60°. S8*. Between these two points, therefore, 
which are situated in nearly the same latitude and elevation 
above the sea, there is a diffirence of temperature of 9" .^7- The 
point in this Freybtrg mino, at which the temperature of the 
earth is the same as that of the soil at London, was found to be 
731 feet above the sea. So that a chlh on isothermal line of 
61°. 01, supposetl to be drawn from Londun to the Erzgebirge, 
would, at the former of diese places, almost reach the level of the 
sea, but in thelatti'rit would rise to aheight of 731 feet above it. 

Even many springs (Chap. XVIII) shew that the chthoniso- 
themial lines suffer an elevation in passing under elevated parts 
of the earth's surface. Thus No. 1 and No. 8 shew nearly the 
same temperature. And as the latter lies 134 feet higher ihaa 
the former, the chthonisothermal of 51°.35 must there rise 134 
feet within a distance of about two leagues. 

The rising of the chthonisothermal lines under mountains is, 
therefore, a very general phenomenon. Their inclination to the 
horizon is determined by the inclination of the side of the moun- 
tain, by the decrease of the temperaiure of the air or of the sur- 
face of the earth with the increase of elevation, and by the in- 
crease of temperaiure towards the centreof the earth. Let AB, 
PI. II, Fig. 7, be the sloping side of a mountain, and let the 
mean temperature at A and D =i t°, and at B = i° — 1° : then 
DO is Ihe depth in which the temperature increases 1°, and 
CB = AE the height in which it decreases 1° ; we have there- 
fore: 

lang I = tang BAC.5£^ M 



BC 
When the depth below the surface, in whieh the temperature 
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increases a certain tjiimber of degrees, is rcqiiirctl, it may be 
measured either in a direction perpendicular to tlie liorizon or to 
the surface of the earth at that place. In an horizontal plain 
these two directions become identical, and therefore it is un- 
necessary to make any distinction. This is not the case in 
mountains. A simple consideration shews, however, that the 
direction in which the increase of temperature in mountains must 
be measured is perpendicular to the slope of the hill, and not 
perpendicular to the horizon. If we suppose, for example, that 
a mountain forms a perpendicular precipice BC, Fig. 7, it is 
clear thai the increase of temperature, caused by beat in the in- 
terior of the earth, cannot proceed in a vertical direction ; for BC 
is a part of the earth's surface, and the surface is under the im- 
mediate influence of the temperature of the air. From B to C, 
therefore, there can be only such an increase of temperature as 
takes place in the same direction in the atmosphere *. 

That which is so evident in a mountain having a perpendicu- 
lar side must also take place in mountains the slope of which is 
more or less inclined to the horizon. The increase of tempera- 
ture in mountains can, therefore, only be measured in a direction 
perpendicular to their surface. So that in a conical mountain 
ABD, I'l. II, Fig. 8, we can only measure the increase of tem- 
perature from the exterior to any point F in the interior of the 
mountain, in the direction £F or GF. But since the increaseof 
temperature towards the centre of the earth has hitherto always 
been measured in a direction perpendicular to the horizon, it re- 
t mains to be determined in what ratio are the lines EF and BF. 
■" Let the mean temperature at B = i°, at V = f •\- V, at 
BgB = f + jf; and let the angle B A C = a ; let the temperature 
Hpe supposed to increase 1°, in every n feet, in a direction per- 
^mendicular to the slope of the mountain ; and suppose the tem- 

' irtbe increase of temperature in mountains proceeded iu a dlrectloa per- 
pendicular to llie horizou, and at the rate uf S°.25in every US feet, we should 
have an incrca^ of temperature of 191°.25 from the summit to the foot of the 
celebrated tremendous precipice of CaraviJIeda, which iias an almost per- 
pendicular height of 0800 feet ; so tbat at [he foot tliere would be a tem- 
perature of 243°, as Von KumWIdt found 5G°.Tu at the top at a time when 
llie actual temperature in the Guagra, un the seacojat, was oaljr lJl°^5a See 
I Cilbert's Annal, vol xxiv. p. 35. 
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perature of the aimosphere, or of the surface of the earth, tu | 


decrease 1° H 


{= if.SS F.) for every additional m feel in ■ 


height, then we shall huvc | 




BH = »j m 




EF«(r + f_/'_*')-.= (i_x)« ^^H 


but further. 
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Exanipie : let 



then we shall have 



* = 0°.047 
BH =31,86 feel 
EF = :o».6SFeet 
BP = 126.63 feet 



Thus, if in plains an increase of temperature of S'.S5 be found 
at a depth of 115 feet, the same increase will not be found til] a 
depth of 126.62 feet, in a vertical direction from the aummit of a 
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temical mountain, whose sides make an angle of 30° with the bcH 
ri^on. The relations will be the same, if from B (PI. II. Pig. 9.) 
there extend a large plateau. The increase of temperature to- 
wards the interior of the earth will still advance more slowly 
in a vertical direction from B than in plains. But at a certain 
distance from B at K, the same increase of temperature will be 
found as in plains. In order to Hnd the point K, we will sup- 
pose the temperature of the earth's i.rust at I to be ^ higher 
than at B. If, further, the temperature at L be 1" higher than 
at E or at B, we shall iiave 
IL = {l-s)n 
EL = n 



KI, — LN-KN 
hy substituting the values of ihese lines, we shall havt 

from which we get 



1 



Substituting this value of y, we find 



I 



mn(l.-C09B) 



If I B and N E be prolonged till they meet in O, we shall have 
NO^INt«ngn= («"-^)ai"°tanKa 

OK»NO— KN 

(nm — n')ria a tang n — bhi(L — cos a) 

BK.OKcotangQ 

(mu — n') aln a — m n ( 1 — co» a) eotang a 
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and if we give to a, n, and m, the same values as in the 

example, we shall find 



t =. 0=.MB7 
It K =< ».7 feet 



i abme M 



Under these circumstances, then, the increase of teinpeiatore 
towards the centre of the earth, would be found the same at K, 
at a distance of S17 feet from the point B, on the plateau B M, 
as in plains. 

If the plateau B M be not horizontal, the value of B K fluj 
be easily deduced from the above formula. Tf B M rise, for 
example, at an angle of b from the hori/on, the angle a i* 
changed into a — b. If, on the contrary, BM fall at an angle 
of b, the angle a is changed into a + b. In the equation of 
h K, therefore, instead of a we must put, in the former cats 
a — ft, in the latter a + b. 

The formwlfL- calculated above, enable us to describe the 
cur\-es of the chlhon isothermal lines in all mountains. It is 
evident, that they must form very irregular curves in moun- 
tains of irregular shapes, IfaBC_/'(Pl. 11. Fig- 10.) represent 
the vertical section of a mountain, the sides of which have an 
inclination of yO° and 72^, and having a horizontal plateau od 
its summit; and if, further, its height \x 677 feet, so that, as it 
is above supposed, the temperature decrease S°.S5 from its fcxit 
to its summit, then the chthonJsothermal line having the mean 
temperature of the foot of the mountain, will take the direction 
of the lines aict/iry: The numbers 127, 115, and 249, re- 
present the depths in feet, in which the temperature increases 
S^.SS, and 25 and 69 feet are the distances from B and C, at 
which the normal increase of temperature of 2°.25 in 115 feet 
will begin to prevail on the plateau. The dimensions in die 
figure are drawn exactly according to a scale. ■ ' 

Among all the observations which have hitherto been macle 
for the sake of discovering, in a direct manner, the increase of 
temperature towards the interior of the earth, I only know one 
which has been made in an almost horizontal direction. It 
is that one which was made by Boussingault" in the metal- 
liferous mountains of Marmato. This mountain is so steep 

• AnnaL de Chira. and de Phys,, vol. ILil,, p, 21". 
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tliat it may almost be called an enormous wall of porphyritic 
sycmte. Several adits enter U at different heights. At the 
tnoulh of one of these ndils, 4404 feet above the level of the sea, 
the mean temperature is 68°.0, and the temperature increases to- 
wards the interior of the mountain at the rate of 2°.S5 in about 
127.5 feet. Boussingault says about, because it in not unifomi, 
but varies according to the thickness of the rock above the adit, 
or, which is the same thing, according to the form of the surface 
of the mountain. The miners work in an atmosphere, the tern- | 
peratiire of which is nearly equal to that on the sea-coast. 

This fact, together with the remark, that the increase of tem- 
perature is regulated by the thickness of the rock above the 
adit, proves very clearly that the increase of temperature can 
only be measured perpendicularly to the surface of the earth. 
It is singular that the above result accords within a foot with 
the increase of temperature found in a vertical direction, in the 
Erzgcbirge (see Chap. XIX). Supposing the side of the moun- 
tains of Marmato to be quite perpendicular, and that the tem- 
perature of the surface there decreases 2°.25 in 690 feel addi- 
tional elevation (see Chap. XVIII.), the chthonisoihernml line, 
having the mean temperature of the foot of the mountain, would 
then rise at an angle of ?9°.32 with the horizon. This is, in 
general, about the maximum angle at which chlhon Isothermal 
lines can rise in mountains having a perpendicular ascent. 

We must not leave the question undecided, whether the va- 
lue of n, taken in a direction perpendicular to the surface of the 
earth, is always the same ; all other circumstances remaining the 
same, whether in plains, in deep valleys, surrounded with high 
mountains, or in mountains. If the nucleus of the earth pos- 
sesses a certain quantity of heat, which is radiated towards all 
points of its surface, it might be oxpecicd that this distribution 
of the heat would be unequal at different |X)ints, according as 
they were situated on lofty projections or in deep hollows; so 
that in the mountains, at the greatest distance from the centre 
of heat, the increase of temperature would proceed more slowly 
than under plains and valleys. But however probable it may 
be, that a certain portion of the heat which spreads to the more 
distant points, suffers a slower decrease from the centre towards 
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the surface ; yet it mitst, on the other hsnd, not Iw forgotten 
that the liighest mountains are almost notlring in comparisoD 
with the diameter of the earth, and that where heat is forced lo 
extend to greater distances from its source, a coniniunication of 
heat takes place fnim all sides. 

In the some manner as the chthonisothernutl lines bend op- 
wards in mountains, bo will thev, on the contrary, curve down- 
wards under the sea, under lakes, nnd under glaciers,* The 
bottom of the sea, between a certain latitude in the frigid zonea 
and the equator, has every where a lower lemperalure than h 
should have in consideration of its latitude alone. If, iheivfbre, 
we draw a chthonisothermal line of f, from a continent tir an 
island, towards the bottom of the sea, since the temperature is 
there more or less under t", the line must sink more or less be- 
low it. All other circumstances being the same, such a chtho- 
nisothermat line will suffer a greater depression, the nearer we 
approach the equator, and consequently the greater the value of 
t°. The same thing takes place under lakes and glaciers ; «nd 
such a chthonisothermal line will sink deeper under these, cateris 
paribus, the nearer they a/e situated to the equator, and the tesB 
their elevation above the sea. As, for example, according to Cbap. 
XI., the temperature of the sea in itsdepth, even in the torrid zone, 
docs not exceed 32% the chthonisothermal of 81°.50 (the mean 
temperature on the equator) will sink to a depth of about 9500 
feet beneath the bottom of the sea, provided the value of n be 
the same under the sea as under plains. Now if we take the 
highest mountain on the earth as the measure of the greatest depth 
of the sea, we should have two paints under the equator of equal 
temperature, — Sr.SO, the one touching the surface of the earth 
on terra firma, the other situated 26,500 feet below it. Simil&r 
differences will occur, though of smaller extent, between two 
points of equal temperature, one of which is situated on the 
banks of a lake, or near a glacier, the other beneath the bottom 
of the lake, or under the glacier. 

* That which holds good for glaciers ie also applicable to accumulations of 
snoB and ice in narrow vallejs, only in a much less degree. See Von Duch 
in OilbertB Aonal., vol. xli., p. 2. 
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Ptf tbe lioe DA, PL U. Fig. II. rpprcMnl a pan of the mnUce oT the 
euth on Ifae sei-ceast or aa the bout* at a lake ; DAC the angk Gwmed bjr 
the line AC, which runs akog the bnltoin of the «e* or lake In its deepcM 
point C, and the Une AI>; and it, funfaer. the inrati tempenture at D or 
Aaii°, at Cscf — ^, atB = r — p' + l'. and cotuequeotU BCk«;«c 
shall have 

DAB t. DAC — BAG 
and BC being perpendkular to AC we Gnd 

BC • . 



aBAC = 



^^Thus, then, we fiod ilie inclination of the line AB, the 
chthoD isothermal of C, lo the surface of the shore of the sea or 
lake.* 

Whst nill be the value of n, beneath the bottom of the ses, 
of lakes and of glaciers ? As direct observations are here en- 
tirely wanting, we must be satisfied with determining, by general 

isiderations, what will be the ratio of this value to that which 

t bitherto been found beneath that part of the earth's surfaoe, 

kh 19 not covered with water or ice. 

jCt us imagine to ourselves a point at the bottom of a lake, 
Uch, if the lake were not filled with water, but with the solid 

Mtance of the earth, would have a temperature f, a temperature 
jher than S8°.75 : then, if by any revoluiionof nature the solid 
matter above this point were suddenly to be removed and re- 
placed by fresh water, this point would assume the temperature 
of the water. But this temperature would, after some time, 
change to that at which water assumes its greatest density, pro- 
vided the temperature of ihe air at the surface had, during that 
time, been reduced so low, namely, to 38^75 (Chap. XI). 
Under all these suppositions the said point would, therefore, 
ha ve been reduced in temperature from C to 38°.75. But since 



Tbe deepest point of the bore at Pregn 
low the eurfsce of tlie earth, and is nenrlj' on 
torn of the lake, near GCTima. The temperaU 
of the lake in its depths, and consoqiientl^, also of 1 

Be la Beche, 43°. If the temperalure increases beneath the bottom uf the 
lake at the same rate as in the bore, the point beneath the bottom of the lake, 
which has a temperature of 6S°.05, muaC be uituated 979 feet lower than the 
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it was originally f + 2=M — f — ^ 25, after it became covered 
with water this difference must have risen to f+ 9.°S5 — SS-IS^ 
f — aC.SO. So that ihL- higher the original value of f was, the 
greater will be the diiferencc after the lilhng up of the lake 
with water. Now, as in general, a difFerence of temperature of 
S°.25 occurs in n feet, a greater dilference of temperature than 
!i°.35 for the same depth cannot long exist. The cooling of the 
bottom of the lake, which at the moment of its filling with water 
ia only super6cial, will soon extend to a. greater depth. But 
however deep this cooling may extend, yet there must be a 
point at which it becomes equal to nothing, or at least imper- 
ceptible. Tlie increase of temperature beneath lakes, must, 
therefore, follow a more rapid progression, that is to say, the 
value of u must there he smaller than under ihe solid earth. 

The same will he the case under seas and glaciers : under the 
sea, where it has a great depth, even in high latitudes, provided 
only that the lemperaliire of the bottom of the sea do not reach 
that degree which it would have, were it completely 6lled up 
with the solid matter of the earth, and under glaciers also, only 
so long as the original mean temjjcrature of the soil beneath 
ihem is not reduced to 32°. (Chap. IX). Under the deepest 
parts of the sea, the value of n will be considerably diminished ; 
for, according to Chap. XL if the depth of the sea, under the 
equator, for example, is ctpial to 6658 feet, the original tempe- 
rature of the bottom of the sea would almost reach the boiling 
point of water. The reduction of this to 35°.96, the lowest 
temperature observed in the depths of the sea in low latitudes, 
would consequently require a very considerably more rapid 
increase of temperature towards the interior. 

As the solid masses of our globe are very bad conductors of 
heal, the reduction of temperature consequent on the creation of 
a lake, or the filling up of an alpine valley with a glacier, must 
certainly ensue very slowly. We mny obtain a measure for the 
time necessary for the progress of this reduction of temperature 
towards the interior, from the time which the temperature of the 
air, as it goes through the successive changes of the seasons, re- 
quires in the temperate zones, to penetrate to a certain depth 
into the crust of the earth. From the observations communi- 
cated in Chap. VIII. and XVIII, we find lliiit at n depth of 
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four to six feet the maxima and minima follow about a month 
later than in the air. In the shafts in which I am making iherrao- 
metrical observations at various depths, the maxima and minima 
at a depth of 24 feet follow more than two months after those 
of the air. The observations in the Erzgebirge also shew, m 
general, that the maxima and minima take place later, the deeper 
the points of observation lie ; however, there is no perfect regu- 
larity in their succession, which is, no doubt, caused by the dis- 
tributing influence of the external temperature. The springs 
also, which shew the smallest variations in their temperature, 
reach their maxima and minima of temperature about three 
months after those of the air. But as the depths from which 
they rise are unknown, no positive conclusion can be drawn from 
them, as to the length of time necessary for the temperature of 
the air to penetrate to a certain depth. Thermometrical obser- 
vations, extending to the greatest deptlis, to which the external 
influences penetrate, will, at a future time, furnish us with accu- 
rate data, from which to determine the time necessary for the 
spreading of heat into the interior of the earth. Till then we 
can always assume, that about three months must elapse before 
the temperature at the surface can reach a depth of about 60 
feet. But this depth does not only depend on the conductibility 
of heat of the strata of rocks and earth ; but also on the differ- 
ence of temperature. For the greater the change of temperature 
which a point of the earth suffers, the more quickly will this 
change of temperature be communicated to the interior. The 
greater the reduction of temperature, therefore ( to apply this 
to the example in question), which the bottom of a lake at the 
moment of its creation, or a valley which becomes filled up with 
a glacier, sutFers; the more rapidly will the reduction of tem- 
perature, all other circumstances being the same, travel into the 
interior. This is perfectly analogous to the effect of latitude on 
ibe depth, to which the external temperature penetrates into the 
earjth. In high latitudes, where the yearly variations of tem- 
perature are greater than in low ones, the external temperature 
also penetrates more rapidly than in low latitudes ; because the 
point where the temperature first becomes constant lies deeper 
v.^n the former than in the latter. But that which is effected by 
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a greater yearly variation of temperature, must also be eflfecfW 

by a greater instantaneous change of temperature. 

Those seas ami lakes, which have a great depth immediately 
near shore, will produce a depression of temperature on the shore, 
in conwquence of the low temperature at their bottom. So that, 
if the mean temperature at a certain distance from the lake or 
sea, where its cooling influence can no longer be felt, be f, the 
chthon isothermal of f will bend downwards on approaching the 
sea or lake. It would be interesting to discover the mean tem- 
perature of the earth on the shores of deep lakes or seas, and at 
various distances from them, in order by that means to ascerttun 
to what distance their cooling influence extends, and to detef 
mine the consequent curves of the chthoni so thermal lines. For 
want of such observations, continued as they should be for at 
least a year, I made some soh'tary observations on the lemperature 
of the earth, at a depth of one foot, between the lakes of Thun 
and Brlenz, on the 1st Sept. 1835, from which I obtained the 
following results : — 
Lake of Thvii, at its surface, close to the shore, near Neuliam, 70.47 

at the bottoin, at a depth of 16 inches, . . 64.85 

The Aar, where it falls into the lake, .... 66.0 
The soil, temperature uf the sand si the bottom of the lake, at 

the same spot, ....... 5al0> 

The soil, at another spot near the share, where the lake is very 

shallow, ....... C7.Gfi.O 

fHi.41 Sh. 

Mean 57.03 

The soil, 330 paces from the take towards UiiUrfeen . . 61.93 

57.«l8li. 

Afean 50. S6 

half-way between the lake noil Unlerieen, . . 62.37 

57.4S Sb. 

Mean 59.89 

at UHlerteen 61,47 

S«.U8b. 



' The obserrations marked were made in many places exposed to the 
rays of the sun; those maiked Sfa., on the other hand, were made in the shade 

oa the north side of bouses, n.illfi, and so fortli. 
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ir JnteTtaEken towards the lake of Briena, 



~ 40 paces from tlie lake of Brimt, 
8 paces ttata Lbe lake oi Briens, 



fi!).67 

08,55 
55.40 Sh. 



Mean 6G.1>7 
nis, the temperature of ihe surface of ihe earth decreased ' 

I from Unterseen towards the lake of Thun, as well as fo- 
lds the lake of Brienz. But where the obsorvalionB were made 
I the shore of the lakes, they become gradually deeper and 
; and the deepest points in both lakes are at a great di»- 
e from the shore. 
The following observations also prove the cooling influence of 
e bottoms of lakes on their banks. 



ttDarSffen, on Die lake of Thua, 
^Aaefd on tbe yieieri, 030 feel above Ihe take of T/mn. 



67-87 

67.20 
56.06 Sh. 



)t far from the plae 



|t> the take of Brifn*, near Lbe Giabaoh, a 

where the lake is deepest, ..... 53.37 

157B feet above the lake otBrimx, higher up than tbe waterfalls, 63.37 Sfa. 

Notwithstanding the immense difference of elevation between 
these two points, the temperature of the soil was the same. But 
I do not mean to maintain that there is no decrease of tempera- 
ture between these two points. The mean temperature of the 
poim situated 1578 feet above the lake of Brieiiz would cer- 
tainly be found lower than [hat on the bank of the lake. At 
the time that I made those solitary observations, the tempera- 
tnre of the soil at a depth of 1 fool was above the mean ; but 
more so at the higher point than near the lake, because the 
yearly maximum occurs later in higher regions than in valleys. 
Hence the equality of the temperatures observed at the two 
points, notwithstanding their considerable difference of elevation. 
However, it may almost with certainty be assumed, that, owing 
to ihe cooling influence of the bottom of the lake on the lower 
point, a smaller decrease of temperature would be found between 
these two points, than in places where no such cooling influences 
exist. 
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In the same maimer, ns lakes and seas cause a depression of 
temperature in their immediate environs, so do also the glaciers, 
To prove this, I also made some observations near the lower 
glacier of Grindeicald, at a depth of 1 (bot,« on the 86tfa 
August 1835, the results of which were as follows: — 

Close to the glacier, ......+ 3&S0 

On the banks uf the glacier-stream, where the GcsL Tegetatioti, grasa 

and alder-trees, begins, ..... 46.62 

100 paces from the same, ..... Sl.IS 

300 jiaeea from the same, near the briilge, . . fil.lS 

460 paces from the same, beyond the bridge, . . • 62.47 

720 paces from the same, where the first potatoes are cultivated, and ^ 

where the first maple and cherry trees stand, . • 51.8't' 
12.86 paces from the banks of the glacier-stream, the Sehwamt Liil- 

scMne, Dear the bridge, ..... 49.lo; 

Only 8 paces from the same, ..... 66.40 
1788 paces from thef;lacier, near GHndslvald,yi)Mxe the first wheat 

U grown, ....... 66.7tt 

Quite close to the glacier the temperature of the soil is coan- 
derably modified by that of the air. Thus at the same Gpot> 
near the glacier, where the temperature of the soil, on the 26th 
Augtist, the weather being cold and damp, was 46''.62, rose to 
47°.97 on the 28th, when the weather bad become fine and war- 
mer, and on the 7th September, up to which time the days had 
continued warm, I found it as high as 49°.32. At Gr'mdelwaUt 
on the contrary, at a distance from the glacier, the lemperature 
decreased from the 26ih August to the 7th September, 3S°.67, 
which was exactly correspondent to the advance of the season. 

A cbihonisotherraal line of t°, .it such a distance from the gla- 
cier that its cooling infiuencc on the soil could no longer be felt, 
would, therefore, bend downwards on appratching the glacier. 

• The first obserration only excepted, which, on account of the quantity 
uf atones, could only be made at a depth of 6 inches. 

fThU somewhat lower temperature probably proceeds from a copious brod 
which runs down from the Meilenberg, at the very apol where the ohMrratlQB 
was made, with a temperature of 43°.S1. 

f Here we see the cooling influence of the SchuKtse LUl/chine whoae 
temperature is only 41°,00, but which disappears, however, as the succeed- 
ing observations sheivs, at a distance of 8 paces. On the 26tb December Ur 
Ziegler found the temperature of tho Scfmarxe LStsehine, under the Ic^ to 
be 33.23. 



O- 1^ 









!»••—■: 






riods, &s :i.= ▼-ir.2" _: ui- .-. -_^ ,_ . 
hare froze:: Liii I'-.t-f: u- . -^ : 
took place, a* «::Tr:i'j6e: iiL - -. :-. _. 
would have cxxrjrrs'f :»i ->> . f -. .. ^.- -_ 
perature might periiis Si- - .__ 
temperature the water n. ne ^dii^*. ,-:..- 
mained liquid. 



. .«- .Sa - 



I4^> Prof. Kischofonlhf Temperalure of 

10th of November, as was ihe case in my observations near Aortn, 
coRimiinicated in Cliap. XVIII^ we might by interpoIatloD in 
tlie above observations obtain a mean for each of ihe three poiotSf 
which wciulti be as follows - — 

Glacier. Mettenberg. Gazdeo. 

S*°.QO. 40°.28. 44-.84.* 

But should they fall, according to my observation on the L6- 
wenimrg, on the 24th November, the inteipolation would give 
for the mean temperatures — 

Atthe Glacier. Mettenberg. In Gardeu. 

SS°.91. 38".30. 42°.68* 

In the former case the increase of the mean temperature from 
the glacier to the foot of the Mettenhcrff, would be 37'.37; and 
from thence to Grindelwald 36°.56; in all 4'l°.g4. In the lat- 
ter case the increase would be, from the first to ihe second point, 
4°.39, and from the second to the third, 4°.S9, making in all 
So.TS. Taking the mean of these two results, we find that the 
increase of temperature from the glacier to Grindeluiald, a dis- 
tance of about 4500 feet, is 9°.36. If, then, the increase of tem- 
perature towards the interior of the earth, advances 2°.25 in 1 
feel at the glacier; the chthon isothermal of 43=. 77, which, 
Grindelwald, touches the surface, will pass at a depth of 478 feel 
under that point of the glacier, and the ciit horn so thermal cf 
S9°^9, which touches the surface at the foot of the Mettenherg, 
will dip 2o0 below the same point. As the second point 
observation, at the foot of (he Mdlenberg, is situated about 1800 
feet, and the third at Grindelwald, about 4500 feet distant from 
the glacier ; and as, farther, the two first places are nearly on 
the same level, but Grindelwald 248 feet higher than the lower 
end of the glacier ; those chthonisothermals must form an angle 
with the horizon of about ^°.W to 100.27'. 

These relations are illustrated in the diagram, Fig. 5, Plate 2, 
where c is the point of observation of the glacier, d the point of 

* Beer found tbe mean temperature of the air at Matt, In the canton Gte- 
nu, 3560 feet above the level of the sea, between August 1331 and Aufpat 
1832, to be 4:i°.65. (Friibel and Heer, Mittheilungen aua dem Gebiete der 
Iheoret, Erdltunde. Zurich. 1836. P. 492.) As Grindelviald lies 677 fpBt 
higher than Mall, and in the vicinity of ibe glacier, 42''.G8 is probably near- 
er the truth than 44°.84- 
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lervation at the foot of the Meltenberg, h the point of obseiv 
ntion in the Grindclwald, ab the horizontal hne, Fig. cdb 
profile from the glacier of the Grindelwald, ed the chthoniao- 
thermal line of 39°,31 Fahr., aaAJ'gb the ththonisothermal line 
of 43°.77 Fahr, 

From these observations it is evident, that the cooling influ- 
ence of glaciers on the soil in their vicinity is not fell to any 
great distance ; but that it is soon counteracted by the heat of 
the air. This accounts for the remark so often met with in de- 
scriptions of travels, that flowers and strawberries may be gathered 
within sight, nay in the immediate neighbourhood, of the glaciers. 

The mean temperature at the glaciers is about the same as 
that of Barnaul, in Asiatic Russia, 53°, aty N. Lat. ; that at the 
foot of the Mettenberg is about equal to that of Moscow, 56° 
47' N. Lat. ; or to that of Dronlheim, 63" 26' N. Lat.; and at 
Grindeltuald it is about the same as at Kiiniffsbergiu 54° iSt 
N. Lat.' Such various mean temperatures and such various cli- 
mates are, therefore, crowded together in the vicinity of that 
glacier. 

The observations and experiments which have formed the 
subject of this chapter, answer the question, whether the increase 
of temperature towards the centre of the earth follows the same 
law, departing from all points situated on the same level, in the 
negative. The experiments have also made us acquainted with 
the'chthonisothermals, lines of equal temperature, which, rigor- 
ously speaking, only remain parallel with the surface in plains 
witbiu a very limited space, but bend upwards under moun- 
tains, and suffer a depression under lakes, seas and glaciers ; 
thus always forming a greater or less angle with the horizon. 
Besides this, they must bea function of the curvatures found by 
Von Humboldt in the isothermal lines ; for just as little as these 
coincide with the latitudinal lines of the earth, t will also the 
points of equal temperature in the interior of the earth be situa- 
ted at equal depths in the same latitudinal circle. 

I will conclude this chapter with an application of the fact, 
that the chtiinn isothermal lines curve upwards in mountains, to 

I* Kamtz Lehrbuch der Meteorologie, ii. 88. 
^^ Schweigger's Journal, xsv. 261 . 
L 
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the theory of the irealion of those warm springs, which rise at 
the foot of high inouniains. As an example, I will take tbe 
warm springs of the bnihs of L(uk, in the canton WaUis. 

The highest point near the Leukerbad is the Saltn Horn 
(11,415 feet above the level of the sea). Noiv if, according to 
Chap. XVni, the mean temperature of the soil is 32° at a 
height of f)193 feet, and il" the ciecrease of temperature at thesur- 
face is 2=.a5 in every 677 feet orfilitional height, the aicao tempe- 
rature at the summit of the Balm Horn must be + ll^SG. If, 
further, the angle which the iteep aides of the Bain Horn fonn 
with the horizoi: is 45°, and this mountain be considered as a 
cone; we find from the above formula that the increase of tem- 
perature from the summit towards the interior, is equal to 2.=25 
for every 145 feet. The temperature 32° must, therefore, be 
found in the interior of tbe mountain, at a depth of 11S3 feet 
from its summit, or 10,202 feet above the surface of the sea, 
and water may be supposed to exist there in a liquid statei 
From there to the level of the Baths of Lnik (4275 feet above 
the sea,* the increase of temperature, supposing it to continue 
to advance 2^25 in 145 feet, must amount to 126° .87. If, then, 
we imagine water to collect in the Balm Horn at an elevation 
of 10292 feet, and to flow down through clefts in the interior to 
the level of the Baths of Levk, these waters will have become 
heated on their way to a temperature of 125''.37, and will ap- 
pear at the surface with this temperature, which is equal to that 
of the hottest of the springs of Ltvk. There is no contradiction 
in supposing liquid water to exist in the interior of a mountain 
under a covering of perpetual snow. We find spring-water in 
mines, even when the surface has been covered for months with 
snow. At Bogoslowsh, where the earth is covered with snow 
during the greater part of the year, the quantity of water in the 
mines is nevertheless no greater in summer and autumn than in 
winter, and only increases in spring, when the flood of the mete- 
oric waters is considerably increased by the sudden melting of 
the snow, and the overflowing of the rivers, ■}■ At Hudson a Bay, 
where the mean temperature is far below the freezing point, 

■ According to MicEiaelis, (p. 272.) 4402 feet. 
+ Kupffer in Poggendorff'a AnnaL vol xv. p. 183. 
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springs flow through the winter, under a covering of ice and 
snow.* The supposed collection of water in the interior of the 
Balm Horn (which supposition is justified by the sinking of 
such enormous bodies of water as those of ihc Dauben See on 
the Gemmi, as well as by otiier plienomena, from which it is 
evident that the limestone has there suffered very considerable 
fissures in the interior) njay be fed during the summer by the 
partial melting of the snow, for even on the summit of Mont 
Blanc it sometimes rains during the warm summer months, and 
the snow is there sometimes seen to begin to melt. 

These considerations prove the possibility of the creation of 
warm springs in the Alps, when water in the interior of the 
mountains comes down from a great height, and, after passing 
through the warmer strata of the earth, makes its apjwarance in 
the valleys below. Such warm springs may even rise in very 
considerable elevations, provided there be still higher mountains 
in the environs. I will only bring forward one example more: 
if water should penetrate from the above mentioned mines of 
Guanaxiutlo in Mexico, where ihe temperature is already as high 
as 98°. IS into the interior of the mountains, as low as the level 
of the sea, its temperature would then have risen to 189°-S0. 
Thus, then, in the high mountains of Jwerica, boiling hot springs 
may be produced, merely by the infiltration of meteoric waters 
into the interior of the earth, at an elevation of 9000 to 10,000 
feet, and thmr reappearance at the level of the sea. And as this 
height is more than 4000 feet below the limits of perennial snow, 
the infiltration of the meteoric waters may be supposed to con- 
tinue uninterruptedly in winter as well as in summer. The ex- 
istence of such thermal springs, therefore, does not require that 
the waters should be brought to the surface by hydrostatic pres- 



^'Capuin Jamea, 1631. See Von Bueh in Paj^ad. AmiaL xU. 461). 
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Chap. XVIII. — In wltal proportion to the height above iJie ioiottt 
pointi of the Earth's surface i* the decrease of the Temperatim 
of the Air and of the Soil P and is this Decrease the sarae at all 
parts of the Earth ? 

There are various causes which influence the decrease of tem- 
perature with the height. Such are, 

1st, The configuration of the earth's surface. 

idly. Local circumatances and climate. 

Sdly, The seasons. 

4thly, The time of day. 

Let us examine these causes more closely. 

De Saussure* already remarked the more rapid decrease rf 
the temperature on steep mountains, and Von Humboldt was 
led to tlie same conclusion, by comparing the temperature tS 
the air on elevated plateaux, with that of the summits of moob- 
tains. He found, namely, that such plateaux, or narrow tbI- 
leys, were warmer than the steep declivities of mountains, or 
than such strata of air which, instead of being in immediate con- 
tact with projecting parts of the earth's surface, rested upon 
other strata of air. On the other hand, the decrease of teinpe* 
rature from the level of the sea will be slower on extensive and 
gently rising chains of mountains, than on mountains having a 
Bteep ascent. As the lofty American chains of the JPeniviiili 
and Mexican Andes, to the height of St Gothard, form one im- 
mense mass, and up to that height comprise a surface of 120 
square geographical miles, the decrease of temperature in the 
inhabited regions of the Andes is slow, but becomes suddenly 
more rapid where the less massive rocks rise 10,800 to 12,000 
feet in isolated cones npon their broad bans. Thus Von Hqdv- 
boldt found a decrease of temperature of 2°,S5 in 996 feet, be- 
tween the level of the sea and the Indian village of Caljn; 
but the same decrease took place ift every 618 feet, from Coipi 
to the highest point on the chain of the Ckimboraso, or in the 
last 8292 feet. But taking the whole column of air of 18,07X 
feet together, the decrease of 9o.25 took place m every 714 
Between the surface of the sea and Quito, Popayajt S. Fe de Btr- 

' VoyaHea ilmSfi les Alps, iv. S 035' 
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^^^pta, and Mexico, which lie on that extensive plateau, we find 
^^Bm their respective mean temperntures a difference of eleva- 
^^Bm of 964 to 1090 feet* for every degree of temperature. 
^Hoelerf shews, that the influence of plateaux and broad ridges 
^nn the decrease of temperature in the Himalaya mountains is 
^■till more considerable. 

^V Besides these general effects of the configuration of the earth's 
^■fiirface which are independent of latitude, there are others 
^HHlich are closely connected with the geographical situation of 
^Kbe place. Thus, under the equator and in low latitudes, the 
^B^eration of heat must be greater on plains than on steep 
^Bbnntains, because the rays of the sun fall almost or quite per- 
^■fendicalarly upon the former, while with the latter they make 
^Bl acute angle. In higher latitudes the contrary takes place on 
^Hke sides of mountains which lie opposite to the sun. In the 
^Bntbeni temperate zone, there may, therefore, be a slower 
BPftfaease of temperature on the southern declivity of a moun- 
^Tain than on the northern or on gently sloping hills. 

Climate and local circumstances, which have the effect of 
lowering the limits of perpetual snow, must, of course, also 
have some influence on the decrease of temperature. For 
the nearer the limits of perennial snow are brought at any 
place to the surface, the more rapid must be the decrease of 
temperature in proportion to the height. In the middle of an 
extensive chain of mountains, the decrease of temperature must 
consequently be more rapid than on both sides where the warm- 
ed air of the plains still operates. J 

In the same manner as glaciers and large accumulations of 
snow are enabled to lower the limits of perennial snow, so will 
they also have an influence on the decrease of temperature. 
From low valleys up to the glaciers, the decrease of tempera- 

• Von Humbolilt, in Gilbert's Annal, ikit,, 26-3(i i and xxsi, 389. 

t Ideter ueber die Abtiiibtue dea Warmcstofia mit der Hohe, p. 103. 

t According to De Sauseure (Tojagea dana lea Atpes, % 943), the limits of 
perennial snow are lowered more than 6D0 TeeL, by accum illations of ana*, 
or b; water resulting Tram the melting or snow. In like manner, Itamond as- 
serts that the llmila or perpetual snow, under the latitude of the Pyrenees, 
form a curve which descends Trom bath ends of the chain to the middle, and 
which ia therefore its lowest point. V. Buch, in Gilb. Ann., xli. p. in. 
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feet in July, and in 916 feet in December ; making a differi 
of 400 feet between the coldest and the warmest month.* 

Equally large dilTerences are found between different honn 
of the day. Thus, the following results were obtained from 
corresponding observations at the following places : — 



ColduG^nt, July.t 

Zaricfa and Rigi Culm, Junp,^ 

GenevH, Ziiriuh, and Faulhora, ftota 

lllh September to 6tli October,]: 
In heights al' 1000 to S4U0 Teot between 

Popp^idorf, the Sie&tngebirge, and 

the HahenachI, I (ouii<l. on the 26lh 

March and the Ist June IB33, by 

corresponding observations, made 

every nuarter of an hour of the day 

and nigbt. 
M the time of llie daily 

temperature. 
At the time of t)ie minimum, 

At what height do the yearly and daily variations of tempe- 

* In the spring, on the oLher hand, when the snow is already melted in the 
low valleys of the Aips, but still covers the summits of the mountains, the 
difference of temperalure between the plains and the mountaing is so great, 
that a difference of 2°.2d may sometimes be reckoned upon, iu a liifierence oF 
heigbt of (iO to lliO feet. During tbe five days which Von Humboldt and 
Gay-Lussac spent, in the month of May, at tbe convent of Mont Cenii, thej 
found tbe thermometer constantly 27°.0O to 33°.73 lower than at LoruIeioBlf, 
■hhongh the difference of height between these two places is hardly 194i 
feet. Gilbert's Annal., xxiv. p, 33. Hugv found the temperature on the 
Weuaemtein higher than at SnloHmm, in the winter of l82j)-30. Kastner'i 
Archiv Tilr Cbem- u.Meteorol., iv. p. 130. On the 6th January 1633,1 
found a mean temperature, from observations made every half hour fhim 
sunrise to sunset, at Pappehdorf, + 23°.49, and on the Pelenierg, 838 feet 
higher, only + aS'.es. On tbe other hand, on tbe S9th December 1H3S, 
I found, frum similar corresponding observations at PoppeUdorfaai. Burgbrohl, 
which only lies about 290 feel liiglier than the former place, but six or se- 
ven leagues to the south-east of It, a mean of + IS'.Sli for the former, and 
+ 33'.37 for the latter place. It was just on this day that a frost set in 
with a south-east wind, and thus, tbe cold air descending into the deep valley 



°'} 




of Burfflirohl, suddenly produced this great decrease of temperatut 
tbe two places. 

+ De Sauisure, Voyages dans lee Alpes, § 2050. 

t Kiimtz iu I'oggendorlf s Ann. ixvil-, 34a. 
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rature cease? During the alwve observations, thee 
the variations of temperature were. 

In Zarkli, 12°,73 



Aguin aL Zarich, 



a Higi Culm. 
le at Geneva, 



mm And on the I'aulhorn, 

From this it indeed appears that the extent of the variations 
of temperature is already considerably diminished in a difference 
of height of 4203 feet, between Zurich and Rigi Culm, and in 
68G6 feet, between Zurich and the Faulkorn ; but we should 
be drawing our conclusions too hastily were we to infer that 
the point where the variations of temperature entirely disap- 
pear cannot lie very high. The extent of these differences of 
temperature does not only depend on the height, but also on 
other causes, as is proved by the great difference between Zu- 
rich and Geneva, which places are both at the same height 
above the level of the sea. Even on the summits of the high- 
est mountains in Switzerland variations of temperature are still 
found. Thus, it sometimes rains on the top of Mont Blanc 
during the hot summer months, and the snow sometimes begins 
to melt there. Zumstein* observed a temperature of + 51°. 12, 
on the 12th August 1819, on Mont Rasa, 13,990 feet above 
the sea. I'arrot-f- experienced" an oppressive heat on the Lesa 
glacier, on the southern side of the Rosa, at an elevation of 
10,576 feet above the sea, Between the tropics, the point 
where the variations of temperature cease, is probably not situa- 
ted so high as in the temperate zones ; because, on the level of 
the sea, the yearly and daily differences of temperature are 
there confined within very narrow limits. However, Boussin- 
gaultj relates that, on the 26th December 1831, a thermome- 
ter, suspended free in the shade of a rock on CMmhoraso, at a 
height of 18,480 feet above the sea, and 3654 feet above the 
limits of perennial snow, the greatest height to which moun- 
tains have yet been ascended by men, and where the mean tem- 
n-Bture of the air is probably + 23o.O, shewed -|- 46o.04 ; and 

J ■ Gilbert's AnnaL, vol. 63. p. 391. ' 

B|4 Schneigger's Journ. xii., 386. 

W% PoggendnriTB Ann. xiiiv,, p, W6, aud Edinljurgli Nev 
I, vol. 19. p. 96. 
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that the SDOW wub in such a state as to be about to melt. 
far, theo, it is certain that, at the highest points of our globe, 
there are stilt variations in the tenipe-rature of the air. Whe- 
ther this (littappears at the height of 34,158 feet, as Von Lin- 
denau' supposes, must remain a question. 

But the variations in the temi)erature of the soil disappear 
in accessible heights, even at a Nmall depth beneath the surface. 
According to Boussingault's observations (Chap. VIII), in the 
Corditteran, the temperature of the soil is there constant even 
at a depth of one foot, on the level of the sea. As in higher 
latitudes the depth to whieh the intltience of the external tem- 
perature penetrates, is much greater than between the tropin 
(Chap. VIII.), the same must also be the case at all heights u- 
cessible to man. 

According to the observations which I have been makingfor 
a year past, in front of the chemical laboratory and on the top 
of the Lbioenburg, situated 1173 feet higher, the yearly varia. 
tions of the temperature of the earth at the depth of four feet, 
amount, at the former place, to ID^.ia, and at the latter lo 
16°.63. For reasons which will be given below, I think, that 
the yearly variations of temperature on the Fautftorv, 8178 feet 
above the sea, and 6784 feet above the Lowenhtrg, are not less 
considerable at a depth of four feet. It ia, however, to be ex- 
pected, that at the higher points of the Alps, where the earth 
is covered with perpetual snow, the temperature of the soil at 
this depth below the surface is constant. 

Can the decrease of temperature with the height be conn- 
dered as an arithmetical progression in the strictest sense of the 
word .' 

Von Humboldt's observations, according to which, the differ- 
ence of height corresponding to 2°.aS difference of temperature 
is greater, the greater the difference of height between the two 
points of observation, seem indeed to indicate, that between 
the tropics the decrease of temperature becomes less and less 
rapid from the level of the sea nearly to the regions of perpe- 
tual snow. And Humboldtf himself doubts whether this de- 



■ Monatliche Correaponden/, xxL, IIS 
+ Gilbert's Annal. xxiv. p. is. 



See Ideler, p. 103. 
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crease does follow an arithmetical progression. Schmidt* haa 
arrived at the same conclusion from considerations of a differ- 
ent nature. Observations at eighteen points in Sovtk Atni'rica, I 
made esactlv where Boussingault made the observations com- 
municated below, seem also to indicate a diminishing decrease 
of temperature .-f- But it is probable that this apparently di- 
minishing decrease of temperature is due to another cause. 
For, since observations by day give a more rapid, and by night 
a slower decrease of temperature in the air, and consequently 
the mean between the two is the expression of the real decrease, 
we shall obtain a more accurate result the greater the differ- 
ence of height between the points of observation is, where single 
observations only are made, from which the decrease of tempe- 
rature is to be calculated ; for, the daily variations of tempera- 
ture at the lower point will have the less influence on the dif- 
ference of height in which the temperature decreases 2° .25, the 
greater the difference of height between the two points is. So 
that, if observations be made at different heights at the time of 
the daily maximum temperature, an apparently retarded decrease 
of temperature will be found ; and, if at the time of the mini- 
mum, it will be apparently accelerated. But by far the greater 
number of observations at different heights have certainly been 
made nearer to the daily maximum than to the daily minimum 
of temperature. We are, therefore, not justified by these ob- 
servations, in concluding on a diminisliing decrease of tempera- 
ture from the surface of the sea to the greatest heights accessi- 
ble to man, namely to the limits of perennial snow. Gay-Lus- 
sac's observations during his aeronautical excursion are equally 
insufficient to justify a contrary conclusion.g 



f* Gilbert's AhiibL voL IxiL p. 309. 
■t' Ibid. voL Ixil. p. 309. 

'f M^moireB d'Arcueil, 
TOL L p. 373. ii. p. 93-341. See Ideler, p. 05. 

S Gilbert's Annal., isiv., p. S8. and xxxi. p. 32. Gaj-Luaaac himself 
nurkR, that hia thermometerB did not keep puce with the temperati 
Tlow could the thermDinelers be especled ta keep pace with the temperatun 
of the air, considering the velocity with which an aeronaut ii lakes bia ascent 

CSlap the remarks of Bumboldli in the same, p. 34. and of Gilbert, p. 32. 
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The means of determining the decrease of temperature with 
\ tlMbeight, are : 

iMf ObservRtions on the temperature of the air. 

Jtd, Observations nn the temperature of spriugo ; and, 

8d, Direct obBervations on thi- teinperature of the sul. 

The next queHtion Ui be asked is, Whether the decrease of 
temptiraturc in the air, and that of the soil, in proportion to 
the lieight, follow the same progression ? 

If, in general, accortling to Chap. VI, there is no reason for 
supposing B difference to exist between the mean temperature 
of the air and that of the soil, this question is already answered. 
In this case the determination of the mean temperature of the 
axr or of the soil at various heights, would be sufRcient to solve 
the problem. That between the tropics there is no diiFerence 
between the mean tennwrature of the air and that of the soil, 
we have seen in Chap. VI, In the temperate zone so few 
observations have been made, that the means of comparison are 
wanting. 

From all that has been said it follows, that between the tro- 
pics, the decrease of temperature in the air may be found with 
a tolerable degree of exactness, by single corresponding obser- 
vations, made at different heights. The most accurate results, 
however, are only t*i be got from the yearly mean. Von Hum- 
boldt* takes the mean of all his observations between the tro- 
pics at 6i54 feet tliflerence of height for 2''.25 difference of tem- 
perature, for tiie stratum of air comprised between the surface 
of the sea and 300O feet above it. As this philosopher made 
most of his observations in the day-time, it may be assumed, 
as we have said above, that they have yielded a somewhat too 
rapid decrease of temperature. 

Let us compare this result with Boussingault's observations 
on the decrease of the temperature of the soil in the Cordilleras, 
between ll" north and 5° south latitude. This philosopher 
ascertained the temperature of the soil at no less than 1 28 places, 
at all heights between the surface of the sea and the limits of 
perennial snow, after the manner already described (Chap. VI). 



* Beiien, il. p. 493. Formerlv Von Humboldt supposed it 
, Gilbert'a Aniial. juir, 4R. 
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In order from these to calculate the decrease of temperature 
with the height, it was necessary to assume a fixed temperature 
at a certain height ; a supposition which, indeed, strictly speak- 
ing, does not actually exist We mii^ht have taken for our 
fixed point, either the temperature at the level of the sea, or on 
the limits of perennial snow. To take the former as a terminus 
a quo did not seem convenient, as the mean temperature of the 
places on the level of the sea varies between 78°. 8 and 83'30, 
which difference woidd give a diffei-ence in the decrease of tem- 
perature, from the surface of the sea to the limits of perennial 
snow, of 71 feet in 2°. ^5. 1, therefore, took 3i°.92, given by 
Boussingault as the mean temperature on the limits of perp&- 
tual snow (14474 feet above the sea), as a constant value, and 
from it and the mean temperatures of the places below it, I cal- 
culated the difference of height corresponding to 2", 25 differ- 
ence of temperature. This gave the 3d column of numbers 
contained in the following table. The heights given by Bou&' 
singault in metres are reduced to Paris feet, and the centesi- 
mal degrees to those of Fahrenheit, 







S 




11 




1 




i 






N*«s»o»Pi.Aeis. 


s 








s"? 








i 


i 


1 1 




1 


i 


ll 








X 


X 


5 S 






S 








Cutnano, 




aitso 


713 


Cay ma. 


1,210 


ei!72 


650 






I.a Guayra, . 




80.60 


727 


Estanque, 


1,311 


BO. 16 


68ff 






Rio Hocha, . 




R2.e2 


696 


San Martin, . 


1,330 


79.92 


672 






Santa Marts, 




B.1.50 


686 


Maratay, 


1,351 


77.9 


702 






Baranquilla, . 




82.17 


702 


Hasuita, Choco, 
Valencia, 


1,431 


79.02 


680 






Carthagena, . 




B1.50 


713 


1,502 


78.lt 


680 











81.05 


721 


Keiva, 


1,697 


■7.0 


704 






Tumaeo, 





79.02 


754 


Barquiuimeto, 


1,607 


78.12 


686 






Guttya4Uil, . 





73.lt 


767 


Mariquita, . 


1,687 


77-67 


687 






Fayto, . . 





80.82 


724 


LaVitloria, . 


1,737 


7ftl2 


680 






EsnieraldaB, . 





79-47 


745 


Alto de MombfL 


1,794 


77.0 


693 






Barranca Nuevo, 





81.73 


710 


Antioquia, 


1.936 


77.23 


677 






San Carlos, 


620 


81.50 


887 


Tocujo, 


1,036 


7fi.B7 


704 






Norita, Choco, 


554 


79.02 


725 


Triixillo, 


2.262 


77.0 


668 






Honda, 


640 


81.72 


677 


Tempo de la Or-l 
queta, , / 


3,262 


77.0 


666 






Giramena. 


G(iS 


81.05 








TomepenJa, , 


1,2(10 


78.35 


701 


San Geronimo, 


3,318 


74.97 


606 





160 


'rof. Bisciiof on the Temperature qf 1 




1 




iSf 




.' 


£ 


«Sf 




■s 
1 




;|t 




i 

s 


I 

1 


III 
1 


SAMtt or Pttcma. 


1 


! 

31 


1 




1 

1 


K TrusUlo, 

■ Vmata. 

■ Chnmi, it In rivii^re. 


2,6(11 
3,582 

2,773 

2.88 1 


74-97 
77-9 

72.50 

71.37 


662 
63K 
7IB 
732 


Pamplona, . 
La BikXB, 
Alausi, 
Ubita, Soccorro, 


7,113 
7,243 
7.480 
7,495 


61^70 
59.0 
59.0 

ei.7 

61.02 
57-M 
50.67 
6B.IW 
87.65 
60.80 


U3 
Tffl 

an 
m 

7M 


RoldMUlo. 


a,»« 


75.67 


646 


La Chorrera, . 


7,673 


Cwligo, 
Rugi, . . 


3,013 
3,US2 


78.10 

76.87 


642 
644 


Sonaon, Anlioqula, 
Pelileo, 


7,803 
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Tunja, . . 
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60.8 
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4;i2fl 


86.0 


723 


Casainarea, Peru, 


8,803 


Arma, 


4.3fi6 


88 9 


66B 
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637 


Harninto, 


4,388 


iia67 


890 


Hiobamba, . 


8,834 


51.47 
69.45 


Mandivfl. 


4,31)2 


74.52 
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Quito, . 


8,982 


631 


La CuaB<la, . 


4,lfli0 


70 25 


844 


Tusa. . 
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L« Orqueta, . 


4.fi7(P 


68.65 
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Chita, . . 


9,142 


13.60 


Mcdelliu, 


4,763 


68.90 


882 


ElGuarOiRiobamba, 


9,148 


SI. 8 
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4,983 


71.60 


000 


Mucuchies, village. 


9,306 


87.87 
88.85 


OibuUo, Venta, 


fi.OSK 


86.87 
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Pucari, near Ibarra, 


9,2I» 
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Oj.75 
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0.387 


6ffi 
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Quinchia, 


5,407 


85.7.1 
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8,583 


Ansenna Viejo. 


.'.,503 


83.60 
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9,711 


52.02 
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5,507 


63,85 


716 


Calbfano, . 


9,728 


Popnyun, 


5,6bU 


83.50 


724 


Paramo de Herv^, 


0,748 


10.46 


RlDsucio, Zupia, 
FerniedeOrlhega, 


5.698 

5,851 


68.65 
66.42 


64U 
651 


Vetas, viUflge, 
Cumbal, viirage, 


9,905 
9,»08 


49.10 
51.38 




6,876 


82.16 


736 


Alto de SaUza, 


10,515 


47.30 


7« 
728 
6S4 


AzufralduQuindm, 


n,oiis 


6102 


749 


Loa Paramos, 


10,773 


7-30 


filCedrilo, Hervfe 


C,IS1) 


67.10 
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Lisco farm, . 


10,923 


17.97 


SuBtli. 


6,au 


88.0 


882 


Panlano Vargas, 


11,302 


16.85 




El Moral, QuindiQ. 


e,25fl 


84.40 


649 


Metained-Antiaana, 


12.,^33 


».87 
8.87 


.IMM 
.ISt 


Luia, Peru, . 


0,433 


64.40 


836 


AKUlral de .luan, 


ia.67u 


Samenga, 


8,4G7 


6.^80 




Snow limit 








Agiladas, AnLloquia, 


6,765 


81.70 


072 




14,774 


4.93 


Zpura, PojiB.van, 


fl,9J4 


fiO.6 


670 


Glacier of Antisana 


6,805 


8.86 


Almaguer, . 

Ibarra, , 


6,956 
7,008 


62.88 
63.05 


835 
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Hot a7id Thermal Spring: 

I If we look at the greatest differences in the third column of 1 

ires between places situated at about the same height above 
the sea, we find that they exceed only three times tiie above. I 
mentioned difference of 71 feet. This justifies the conjec- 
ture that these differences are only due to the local influence 
of diinalc. At least on the sea coast no other cause can be 
imagined. The numbers of the third column shew neither an 
increase nor decrease up to the MHairie, dAntisana. It is true 
the highest number, 775 feet is found near the end, but the 
next, which is 757 feet, is found quite at the beginning of the 
series. The case is nearly the same with respect to the mini- 
mum, 518 feet. The two last numbers but one, 1000 and 
IISI feet, are, however, astonishingly high, and'from this it 
would appear that the decrease of temperature becomes slower 
near the limits of perpetual snow. But the last number, 769, 
is again about equal to the mean. The two last numbers but 
one, 687 and 758, were found from the differences between the 
highest and lowest mean temperatures on the level of the sea, 
and that of the limits of jwrennial snow. They shew the above- 
mentioned difference of 71 feet, which may be considered to a 
certain extent as the maximum effect of climate. 

The means of the four columns of results in the table being 
so nearly equal, proves that between the tropics, from the sur- 
face of the sea to the limits of perpetual snow, a constant de- 
crease of temperature takes place. However, Milmrie d'Anti- 
sana and Ax^if'ralde Juan must be excepted. 

The mean of all these results gives a difference of height of 
677 feet for 2°,25 difference of temperature, between the sur- 
face of the sea and the limits of perennial snow. 

This value only surpasses the mean, which Von Humboldt 
found from his observations on the decrease of temperature in 
the air, by 93 feet. It might, indeed, be conjectured that this 
excess was due to Humboldt's observations having been made 
in the day, and, therefore, gave a somewhat accelerated de- 
crease of temperature ; but, in general, no great weiglit can be 
attached to this difference, as the numerical elements which in- 
fluence observations of this sort are very various.* Their cor- 

* The difl'erences nf heij^ht fouDd from Boussingault's oIi serrations, for I 
a°.25 Jifference of temperature, for example, would have been smalier, i*" ''— 
V temperature at the limlu ufperentiml siioiv ahoiilil lie lower than + 34°. 
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responding so nearly seeins rather to lead to the coDclni 
that between the tropics the decrease of temperature in the lir 
and in the soil follow the same law of progresaon. 

For the reasons above given, the decrease of temperature n 
the air in the temperate zones can only be deduced from the 
known mean temperatures at different heights. Here, then, *e 
are confined to the habitable regions. All that we as yet knor 
of the decrease of the temperature of the air in the temperate 
zones is from the corresponding observations made during se- 
veral years at Geneva and on the St Bcmhard. The mean 
of these observations gives a difference of 777.5 feet for every 
degree of Reaumur, or 2o25 degrees of Fahrenheit. This re- 
sult exceeds The mean of Humboldt's observations by 123 feet, 
and that taken from Boussingault's by 100 feet ; but it is far 
lower than the former of these philosophers found for tnoun< 
tains having a very gradual ascent. But as St Beruhard is 24 
leagues distant in a straight line from Geneva, and the differ- 
ence of height between the two places is only 6477 feet, it may 
be considered as being a case of gradual ascent ; and the tem- 
perature must decrease less rapidly than if the mountain had a 
steep precipitous ascent. To conclude that the decrease of 
temperature in the temperate zones is less rapid than between 
the tropics, would, therefore, certainly be premature. 

The first question to be decided is, whether, in the temper- 
ate zones, as between the tropics, tlie mean temperature of the 
soil and of the air are identical, in elevated situations, as well U 
on the level of the sea. If this be found to be the case, we may, 
instead of the tedious observations in the air, which at uninlia- 
bitable heights are, indeed, quite impracticable, substitute ob- 
servations in the soil, which, although also combined withdifli- 
cullies, are yet possible to be accomplished. But this question 
can l>e most easily answered by the observations at the MmtM- 
tery of St Beniltard, where the mean temperature of theairis 
known, and where meteorological observations continue to be 
made. 

The simplest method of obtaining the temperature of the 
soil, as 1 have found, is, to dig a hole about four feet deep, and 
to sink a wooden case of the same depth into it, and then to fill 
up the surrounding space with earth or sand. The case should 
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t so large as to admit a common wine bottle. The bottle, 
1 with water, stands on a piece of board, which is half an 
Icli smaller than the opening of the box. Over the bottle is 
peed another piece of wood, which is hold fast to tlie former 
f iron wires, and to the upper board is attached a wire, which 
19 long enough for the observer to be able to reach it with his 
hand. The space above the bottle is filled with a bad con- 
ductor, for instance with tow, and the box is covered over with 
a board, upon which some stones are placed to prevent the en- 
trance of the rain water, and the whole is covered with moss to 
preserve it from unauthorized observere. After the lapse of four 
weeks the first observation may be made ; for in that time the 
disturbances, caused in the tliermoraetrical relations by making 
the hole, will have entirely subsided. However, it cannot be 
otherwise than advantageous to allow a longer time for the re- 
storation of the equilibrium before the first observation. As at 
the depth of four feet the temperature continues to rise uninter- 
ruptedly from the minimum to the maximum, and to fall from 
the latter to the former, monthly observations are quite suffi- 
cient to give the yearly mean temperature. Indeed, there can 
be no doubt that 1 2 observations made in this manner will give 
a more exact mean than observations made three times a-day in 
the air, without being made also during the night. 

I have found that, even where there is a difference of tempera- 
ture of 2HO.50 between the atmosphere and the water in the 
bottle, the temperature of the air has no influence on that of 
the water, during the first two minutes. But two minutes are 
quite sufficient for a sensitive thermometer to assume the tem- 
perature of the water.* 

In this manner I have observed the temperature of the soil, 
since the 28lh February 1835, in front of the chemical labora* 
tory near Bonn and on the Lowenburg, which rises with a 
steep ascent from the Rhine to a height of 1173 feet above the 
other point of observation. The results of the first year of my 
observations are as follows : — 



n the temperiitiire of the soil tn their t 

luable meteoroiogicfll observations ; but 1 hnve not yel iieard whether m- ■ 
quest has tieeii attentled to. 
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Lo^b.„. 


DK.*™™. 


183a. Fcbniar/ia 


43". 13 


38''. J8 


2°.36 


April U. 
Mij 10. 


44.110 


41.0 


3.60 


48.87 


42.8 


6.07 


J.,i,e U. 


BJi.*0 


47 57 


7.43 


July IS. 


6C.52 


60.0 


6.52 


AuKuM a 


60.22 


62.93 


6.30 


Auffusl 30.' 


59.0 


54.06 


4.96 


Oclober 21 


63.60 


60.32 


3.3S 


Novenil>er 0. 


40 .SS 


47.30 


2.25 


lteteniUer2l. 


43 .2S 


43 J5 


0^ 


IB3B. January 13, 


40.10 


40.10 


0.0 


Mean, 


41 .0 


36.41 


2.60 


49.44 


4S.S7 


3,87 



We see that the maxima and minima do not happen at the 
same time ; but that they take place later on the more elevated 
Bpot, and tliat as the deereage of temperature varies according 
to the seasonH, so does also the decrease of temperature in the 
soil vary. The mean difference of temperature between Bonn 
and lhe/.oiccndur^ gives a mean decrease of temperature of S°.S5 
in every 683 feet between the two places. This number is so 
nearly the same as the mean of Boiissingault's observations, that 
we may certainly be allowed to consider the decrease of tem- 
perature with the height, between the tropics and inSl^N-Lat, 
as identicol, at least to the height of 1173 feet. 

In these observations another circumstance must be taken in- 
to consideration, namely, whether each two points of observa- 
tion, at different heights, must lie in the same position with re- 
spect to the sun ; that is to say, whether they must both lie in 
the shade, or be eicposcd to the sun ; or has this no influence on 
the yearly mean ? The point of observation in front of my 
laboratory lies during the whole year in the shade ; that on the 
LoTienburg is in a little hollow on the top of the mountain, 



•I w , 

ber hy my journey to the Alps, a 

vations on the 30ih August were made by an obaetrer whose accuracy may 
be depended on. However, (his gap can have no perceptible influence. Nei- 
ther can it have been prejudicial to the accuracy of the results, that the ob- 
servations were not always made on Ihe same day of the month, which was 
rendered impossible by iny other duties and by unfavourable weather. The 
iibject of these observations was not so much to ascertain with the utmost 
exactitude Ihe mean temperature of the places, as lo learn the mean differ, 
ence of temperature between two places situated at diflerenl heights. 
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, although it is sheltered from the direct action of the sud's 
I by the surrounding bushes, is yet very much more ex- 
i to its influence than the former spot. The place where I 
a making the observation, mentioned in Chap. VHI,, for as- 
certaining tile deptli to which the influence of the external tem- 
]>erature is felt, is exposed to the sun during almost the whole 
year; if, then, the {xisilion of a place with respect to the sun, 
has any influence on the yearly mean, it would shew itself most 
distinctly between this spot and that in front of the laboratory. 
The observations which I made at the same time at these 
two spots, extended from October 1835 to February 1836. 
From this time till April they were unavoidably interrupted, 
in order to sink the shaft deeper, but after April they were 
continued. The slight difference of two feet below the surface 
cannot have any considerable influence on the results 
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sit feel dKp 










Ulffinou. 


IB3&. October 20. 


63°.82 


54".72 


—o°.:i 




51.35 


51.01 


+0.34 


20. 


4S.I)a 


44 .GO 


+ 1 .35 


December 2. 


J6.B5 


44.li2 


+2.03 


21. 


43,25 


42 .05 


+ 1.30 


1S36. January 13. 


40.10 


art .75 


+ 1 .35 


Febmarj' U. 


41 .00 


3U.8e 


+2.14 


April 12. 


44.15 


43.01 


+0.34 


May 16. 


48.20 


48.30 





23. 


49.77 


50-67 


_0.0 


30. 


40.80 


51 .67 


— I .08 


June 6. 


BO .90 


62.14 


—1.24 


13. 


53.14 


53 .3U 


_l .34 


20. 


54.05 


65.10 


—1 .35 


27. 


54.95 


6G.7S 


—1.8 


July 4. 


66.07 


60.21 


—2.14 




66.87 


eo.i2 


_3.ia 


10. 


iT .65 


01 .02 


-3,37 



The difference, therefore, at the end of October and in the 
middle of May is ; but from the end of October till the 
middle of May, the temperature of the place in the shade is 
constantly higher than that of the place exposed to the sun ^ 
and from May till October it is constantly lower. Whether 
the yearly mean temperature of the two places is the same, or 
whether, as we should be inclined to conclude from the abo.'e 
observations, the mean of the place exposed to the sun is higher 
than the other, must be decided by a series of uninterrupted 
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observations At any rate, the difference doe* not seem to be ' 
great, and it «ill, therefore, be of little consequence, if, m 
malcjng observations on the temperature.- of the soil at varioM 
heights, the position of the places of observation with KsbA 
to the sun be entirely disregarded. However, should the loca- 
lities permit, it would always be advantageous «t each status 
to choose two spots for observation, the one in the shade the 
other exposed to the rays of the sun. 

I am continuing my observations on the Loicenburg, but 
confine myself to the seasons in which the maximum, mini'muni, 
and medium take place. 





BOHII. 


„....„„ 


"teSr™" 




'Sfai- 


6'^*^"" 


1836. June 13. 
Julj II. 

August 28. 
October If. 


63". 13 
86.97 
CB.03 
64 .S3 


53°.37 
00.13 
SO .88 
as .62 


4S'J)5 
50.45 
61 .40 

50.00 


6.52 
6.60 
4.83 


7-.4S 
8.(7 

4. SI 



Comparing these observations with those made at the same 
season in 1835, we find, 'isilij, that in June 1836, the tem- 
perature was considerably behind that of 1835, which was a 
consequence of the cold winter and spring ; ^dly, that in July 
1836, the temperature already exceeded that of July 1835, 
which must be attributed to the month of June having been 
exceedingly warm ; ^dly, that in 1835, the greatest difTerenceof 
temperature between the upper and lower station took place in 
June, whilst in 1836, it did not happen till July ; and that, in 
the latter case, it was Q°.9 lower than in the former ; and, 4M/«, 
that the differences of temperature between b and c were mnch 
greater than between a and c. 

In order, in like manner, to discover the decrease of 
temperature in the soil to still greater heights in our lati- 
tudes, I arranged, on the SOth August 1835, a similar ap- 
paratus on the Faulhom, which rises to a height of 8178 
feet, and the spot I selected was on the south side of the inn ; 
and on the following day I found the temperature of the 



H Mot aud Thermal Springs. 167 

^■Fater iu tile bottle to be 36°.51. However, no weight can be 
^^■tached to this observation, as within twenty-four hours the 
^Ksturbances caused in the temperature by digging the hole, 
^ftiuld not yet have subsided. On the SSd September the bro- 
^Ber of Mr Ziegler of Grinddwald observed a temperature of 
^K°.6S. More reliance may be placed on this observation, 
^^hich was made twenty-three days after the burying of the bottle. 
As we find by interpolation, that the temperature of the soil on 
the 22d September was, on the Liiwenlmrg, 6° .79, and at Bonn 
7°. 19, higher than theniean,themean temperature on the/^flit/Aorn 
must be between +!J0o.84and +30°. 45, supposing its temperature 
to follow the same progression as at those two places.* But 
these values depend on suppositions which are still to be proved- 
I, therefore, request all natural philosophers and other travel- 
lers accustomed to such observations, who may happen to visit 
the Fatdkori), so celebrated for the grandeur of its scenery, to 
devote a few minutes to a similar observ^ion, and to have the 
goodnes!4 to communicate to me the result. For this purpose 
I have committed a thermometer to the care of the innkeeper 
on the Faul/iorn, Hans Bohren, of which the observer may 
make use. The landlord will have the kindness to direct the 
observers to the spot whore the box is buried, and will draw 
out the bottle. Those who ascend the FauUiorn and Grindet- 
wald, as is usually done, may make furtherinqmries of the pas- 
tor, Mr Ziegler, who, as I have before said, is making similar 
observations in his neighbourhood. Of course it is not to be 
hoped that observations will be made in every montli of the 
year, as the innkeeper himself quits the Faulkorn at the end of 
October, and does not return there till May, and as, in general, 
during the winter months, it is almost if not quite impossible 
to ascend this mountain. But even if we only obtain observa- 
tions in the summer months, we may still hope to succeed in 
deducing from them the probable scale of the yearly variations 
of temperature, and from this to obtain the yearly mean tem- 



* tt is, however, provable that the maximum on the Fatdhom happens 
later than at those two places, which are situated so much lower, and, in this 
case, the mean temperature would there tall atJU further below 32°. The 
calculatinoa which follow below, and that which we learn from Heer (FrHbel 
und Heer loco ciUto, p. 332) on the duration of the warm aeasoh in the vari- 
ous regions of the Alps, apeak in Avourofthis conjecture. 



I 
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hard, the tieiglus corrc»ipi)nd tolerably well for all these places. 
On the avorape, then, the mean temperature would become 
SS'-O at the luight of about 6165 feet above the sea, for places 
Mluated between 48° 10' anil 46^ 18' north latitude, and at the 
height of 8200 feet, the supposed limit of the snowy regions in 
iheAlps, the mean temperature would be +25'' .25. ThJsnearlj 
agrees with the observations of Pictet, according to which ibe 
snow first shews itself where the mean temperature is +HS''.68. 
But here we find a difference of 9°.67 between the mean tetB- 
perature on the limits of perennial snow on the equator, m 
taken by Boussingault from the observations of Humboldt, and 
that of the limits of the snowy regions in the Alps. This dif- 
ference, however, is reduced to 7°. 42 if we adopt +i)2o.67 as the 
mean temperature on the limits of perpetual snow at the equi- 
tor, which is the value deduced from other observations of Von 
Humboldt. 

As between the tropics the temperature of the soil shews so 
variations at the depth of one foot, it will shew still slighter 
variations at the height where the mean temperature is 32". 
Snow, which there covers the ground, will therefore be unable 
to raelt on its under surface. Bui on its upper surface, which 
is exposed to the air, the snow may partially melt during the 
summer, because the variations in the temperature of the air are 
always more extensive than those of the soil, even in the small- 
est depths, and the temperature of the air at that height be- 
tween the tropics may, therefore, always rise a few degrees 
above 32° during the summer. In the temperate zones, on the 
other hand, the temperature of the soil still suffers considerable 
variations at that height, in which the mean temperature be- 
comes 32°, and, therefore, rises in summer to several degrees 
above 32° ; supposing the soil not to be covered with glaciers, 
or any masses of snow by which the communication of beat 
from above would be prevented. Here, then, snow which 
covers the ground at that height, must melt away during the 
summer even on its under surface, and still more on its upper 
surface, which is exposed to the air, so that it must entirely 
disappear. This accounts for the possibility of perpetual snow 
being met with between the tropics, where the mean tempera- 
ture is equal to or even above 82°, whilst in higher latitudes it 



^^^ Hot and Thermal Springs. 1 71 

does not occur till we reach the regions where the mean tern- [ 
perature is several degrees below 32°, or where the niaxiuium 
temperature of the soil is 32°. 

I have determined the temperature of the soil at the depth 
of 12 inches, at four elevated spots in the Swiss Alps ; and in 
the following table I have added to the results which I obtain- 
ed, the mean temperatures of the places, calculated upon the 
principle above established, viz. that the mean temperature is 
32° at a mean height of 6165 feet. 







HriBhl 


^ 


"m™"" 




Date. 


PbKDfOlHervalion. 


SMlnP»- 
lisfMt 




DlBtoenct. 


1835, 












Aug. 27. 


At thcMettenberg, 1 












ontbelerelol'the^ 


SI39 




35.43 
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Sept. 3. 


Spital Matte, . 


5887 


41.0* 


33.03 


8.09 






C!)8; + 


.38.52 


2U.28 


9.2S 


Aug. 30. 


l.-..lbo™, . 


6178 1 


35,24* 
38.50 11 


25.32 


9.02 
1.12 



At places in low situations, as Stockholm, Abbotshall, and 
Brussels, the maximum temperature of the soil at the depth of 
one foot takes place in July. But if, as my observations on 

■ In a cleft in the rock the temperature, as low down as I could reach with 
m^ arm, was 40°.56, and the same was at a depth of 12 inches in the ground 
in a place exposed to the full power of the sun, I found a temperature of 
41°.46. If the temperature of the numerous fresh-water springs which rise 
Id that neighbourhood (Chnp. IV.} give the true mean temperature of the 
soil, this must be +37''.40. But these springs which rise out of the much- 
fissured rocks of limestone are probablj thermal (Chsp. I.), even though they 
proct'eii from the Daubensee (Chap. XI.) 

+ According to Miehaelis (I''robel und Heer, p. 272) 7049 feet; accord- 
ing to others 0853 to 7180 feet. 

J This is the mean of eighteen observations o 
tain, which were made every half-hour from 9-, 
e{ A. If. of the 31st August. The maximum wa 
35". 15. 

II This is the mean of the observations which were made at the same time 
as the others, but 40 feet below the sumrait on the southern declivity ofthe 
mountain. The maximum was 37°.40, the minimum 3e'.3J. Both series of 
ubserratlans were made at a time when the FoMlhom had been already some 
daja co»ered with snow one foot deep. The phicea where the observationB 
were made were, however, freed from the anow. 



summit of the moun- 
:. till Gi p. M., and at 
60, and the : 
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(he Lotcenberg- give reason to suppose, the maximum at tbeae 
more elevated points happens somewhat later, then it is pro- 
bable that the observations made at the end of August and the 
beginning of September were already somewhat under the 
maximum. 

The maximum, therefore, probably exceeds the observed 
temperatures at those places by 2° .95, perhaps more, and thus 
we should have at least +3°.95 for the maximum temperature 
of the soil on the Spital MalU, which is situated nearly at the 
height in which, according to our hypothesis, the mean tem- 
perature is SS°. But where the maximum temperature of the 
soil reaches 43°. 25, no perpetual snow can be found. Even 
on the top of the Fuulkorn the maximum is probably above 
3T°-6S, so that here also perennial snow cannot be met with, 
Yet the summit of this mountain rises as high as the limits of 
perennial snow in the Alps are supposed to exist. However, 
these limits are supposed to rise on single insulated peaks, to a 
height of 8400 — 8700 feet, and on extensive chains of moun- 
tains to fall to 7800 feet." 

Besides the observations in the Alps, we have also those made 
at Dresden, Freyherg, and at several other places in the Saax>n 
ETZgebirge, in the years 1830-1833, which furnish us with 
some data on the decrease of temperature with tlie height. For 
90.25 ditFerence of temperature they give 



Beween 


ADilftraiccofHetghl 1 


Accardlng lo 


melh^or 
imlllElt.iquBS. 


Dreidea and Fregberg, . . . . 
Dresden and four dlBerenL places in the 

Bragelnrge, 

Freyherg and three different places in Uie 
Ertgebirge, . _ _ . 


891,6 

770,7 
677,6 


886.7 
680,2 
640,2 



From the thermometrical observations of the soil near tbe 
surface, made at variou.i heights in the Erzgebirge, Reich cal- 
culated that the decrease of temperature in the soil there 



■ Ebel, Part II. p 49 — On the top of the SeiMhom, whkh is 8680 feet 
high, I found no snow on the 18th Aupist 1822 ; but in a ravine on the 
eastern side of the mountain, a i:on<iderable mass of sson' was accumul ated 
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amounts to 2o.25 in 744 fwl on the average. Tbia result can- 
not be compared with the above, as tlie temperatures of the air 
aud of the soil were not made at the same places, but at places 
very different in their climate ; further, because the mean tem- 
perature ai Ahenbergm the years 1830-1832 shewed differences 
as great as those between that place and J/arA-u^ Riihlhig; and 
lastly, because the observations on the temperature of the soil 
at Altenberg and Johanngeorgenstadt even shewed an increase 
of temperature with the height. 

However, these observations seem also to prove that the de- 
crease of temperature is slower in extensive gradually ascend- 
ing mount^ns, but more rapid in steep ones. As there may, 
therefore, be an infinite number of gradations in the decrease 
of temperature between mountains which rise almost perpendi- 
cularly from the surface of the earth, and a gradually ascend- 
ing inclined plane, all other circumstances being the same; 
only such observations can serve for a comparison, as have been 
made on mountains having a very steep ascent. 

With respect to the decrease of temperature with the height 
in the frigid zones, we are totally unprovided with observations 
in those regions, which might serve as data in our calculations. 
We must, therefore, leave it undecided, whether the relations 
are the same or diiferent from those which exist in the other 
zones. If Fourier's hypothesis,* that the temperature of space, 
or at least of that part of space in which the earth performs its 
orbit, is about equal to the mean temperature at the poles is 
correct, no decrease of temperature can be supposed to take 
place in proportion to the distance from the surface of the 
earth at the poles. 

We now come to the last means of determining the decrease 
of temperature with the height, namely, the temperature of 
springs, which seems indeed to be the simplest method of all. 

In Chapter VI. it has been shewn, that, under the most fa- 
vourable circumstances, the mean temperature of the soil can 
only be determined from such springs as have not a constant 
temperature, because springs of constant temperature always 
rise out of strata which are situated much lower. But the 

• M^m. de I'lnstit. 1821, p. SBO. 
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'Dte numben betirem pamitbnea were dettmaDcd by inter- 
poUliun, but bU the rest by obaenatiaas, made for tbe moat 
part in the middle of the month, eiwpdng when otber duties 
*«■ unbvourable weather prevented it. As the greater number 
of theM springs ihewed but small variations irom month lo 
Oiantb, it could be of little consequence whether the obscc- 
wUiom were made a few days earlier or later in the mmidi. 
Tkc firat aeren springs rise all nearly on the same level, on Ae 
■lope at the hills belonging to the lignite formation, which run 
from /'ojijielmhrfta Godesberg. The ground rises imperc^ 
tlhly i'mm the former of the places to the latter. 
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No, 1 is an artiticiiU well 58 feel deep, which, like all other 
wells in this neighbourhood, is supplied with water from the 
Rhine, Its high mean temperature compared with that of the six 
following ones, is evidently caused by the increaseof temperature 
towards the interior of the earth. The mean temperatwres of 
2 — 7 agree, however, tolerably well together, and the mean of 
these six might therefore be taken as the mean temperature of the 
soil between Poppchdorf and Godesberg. However I exclude 
No. 6, because it rises from very near the surface, as is plain 
from its more extensive variations of temperature compwed 
with the others, and because it evidently receives its water from 
the neighbouring hills. In this manner, then, we obtain i 
mean of m°.%% The springs 8—18 are all situated on the 
other side of the Rhine, in the Siebengebirge, and rise I 
degrees above No. 1, as the annexed numbers indicate. It 
very remarkable that No. 8 has a mean temperature 0°.112 
higher than No. 1, although situated considerably higher. But 
if we examine its localities more closely, it no longer appears as- 
tonishing; for it rises at the foot of tlie Dracheii/hls, on the 
eastern side, where the mountain is unusually steep; and if it 
runs but a few hundred feet in a horizontal direction, or at least 
in a direction nearer to the horizontal than the slope of the 
hill, the furthest point of its course may easily lie 100 feet be- 
neath the surface of the mountain. It is, therefore, probable that 
it rises from a greater depth, in comparison with the mountain, 
than any one of the rest of the springs ; it'consequently brings a 
higher temperature with it from the interior of the mountain, 
and must be looked upon as thermal, although it certainly does 
not rise from a greater depth by means of hydrostatic pressure. 
I will pass over No. 9, because this spring runs for a consi- 
derable distance on the surface, and I could not trace it to its 
source. No. 10 presents a curious phenomenon, namely, when 
I observed its temperature in December, I found, by plunging 
the thermometer in at different parts of the little natural basin 
which it forms, a difference of 0°.225, and remarked that there 
are two small springs which rise here, scarcely six inches 
apart, with different temperatures. The lower numbers shew 
the differences of temperature between the two. I then dis- 
covered another spring, No. II, scarcely three paces dietant 
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from the last, which issued from a cleft in the rock among loose 
blocks of stone, in a place whicli was difficult to be got at, and 
this shewed P.85 to I'.SIS lower than No. 10. These three 
springs rise out of the sand.stone of the lignite formation, which 
is there very much fissured. The comparatively higher tem- 
peratures of No. 12 and 14 was no doubt occasioned by both 
rising from a greater depth, and appearing in deep ravines. 
The former evidently rises from a greater depth, as may be 
seen by the motion of the sand at the Iwttom of the basin. 
When springs rise in deep ravines from below, they must al 
ways appear with a temperature superior to the mean of the 
place where they issue. All the rest of the springs either run 
down directly through cracks in the rocks, or at leaht bear evi , 
dent signs that they do not rise from below. 

If we take all these circumstances into consideration, and 
compare the mean temperatures with the respective heights, it 
becomes evident that these mountain springs are by no means 
capable of giving the decrease of temperature in the soil with 
the height. If, for instance, we compare the mean tempera- 
ture of Nos. 3 and 18, we find that the scales of their annual 
variations are nearly about the same ; it may, therefore, be sup- 
posed that they both rise from about the same distance below 
the surface. But, notwithstanding that they seem to be so pe- 
culiarly adapted to the determination of the relative decrease 
of height, yet when we come to examine into it we find it to be 
exactly the contrary : for the decrease of temperature calculated 
from this mean is 2°.95 in 428 feet ; whereas the same decrease 
is found, from the direct observations made near Bonn and on 
the Lowenberg, to be 2^.95 in 683 feet. It is clear, then, 
that the spring No. 18, which issues from a cleft in the ■ 
rock, brings down cold with it from above, and, therefore, does 
not shew the temperature of the place where it makes its ap- 
pearance. 

Although my endeavours to determine the decrease of tem- 
perature with the height, from the mean temperatures of moun- 
tain springs, have been unsuccessful, yet we see that t)ie springs 
in the valley of the Rhine, which lie at about the same level, 
are very well adapted to the determination of the mean tem- 
perature of the soil. It is true their mean temperature, 60°.22 
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We fiere find that the temperatures of these springs in the 
months of October, November, and Det-ember 1835, and Ja- 
nuary 1836, were altogether lower than during the same montlie 
of 1834 and 1835. This lower temperature still shewed itself 
even in June 1836. In general, these differences all increaicd 
38 the observations went on, and were greatest in January. 
But as no observations were made between January and JunOi 
it is impossible to decide whether the differences continued to 
increase still further in the following months. However, the 
observations in June prove that they afterwards decreased 
again, and it may be expected that in the following mOQtlii 
they will altogether disappear, or perhaps even become n^a- 
tive, if the summer turns out very warm. The maximum 
differences in the springs Nos. 8, 14, and 18 (0°.99, 1°.26, and 
1*.30), are nearly exactly in proportion to the differences be- 
tween their yearly maxima and minima (S^.aS, 2°.81 , and %".%% 
as given by the above series of observations, from August 
1834 to August 1835. In other words, the influence of the 
external temperature on springs, is smaller, the smaller the 
yearly variations in the temperature of the springs are, that i» 
to say, the greater the depth from which they rise. However, 
not one of these springs rises from a depth sufficiently great 
for the influence of the external temperature to be entirdy 
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^^Oiout effect. Na 1, the well under the chemical laboratory, 

***^»e se«nis to be no longer affected by it, because ii3 tempe- 

r^^^wre is ahnosl constanL On the 13th June 18S6, I found 

-^ temperature to be the same, 5i°.93 as in 1835. Lastly, No. 

•s the one which shews the most considerable variations of 

^^^peralure of all, and therefore takes its rise verj- near the 

'^**Tface, also shews the greatest differences between the two 

^'^ars; and it is very plain how much it was affected by the 

^^d weather which set in at several periods of the winto' of 

*«35-36. 

la order to have a numerical value of the influence of the 
temperature of the air on that of springs, I subjoin a table of 

3834, 1835, and 1836, according to the observations of Mr 
Meis at Cologne. 
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1«3«, 

85.90 
71-60 
60.76 
60.33 
53. »2 
^3.17 
39.87 
62.58 

1B3S, 
3B.76 
4i.2S 
42.02 
49.56 
6C.I1 
84.35 
70.03 


1S3A, 

6t96 
69.91 
6&70 
61.93 
ai.sa 
3a.97 

34.03 
61.46 

1836. 
36.60 
36.72 

46.49 
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+ ].rs 

+ 1.06 
_1.B7 
+ 1.57 
+ 4.5 
+ 6.85 
+ 1.95 

+ 3.IS 

+ 4.5 

—164 

—0.676 

—1.70 

—2.7 

+ 1.126 
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The year 1835 was, therefore, with the exception of Septem 
ter, always colder than 1834, and hence the depression of th 
emperatures of the springs in 1835. Theh igher temperatur 
n September, was distinctly shewn in tlie temperatures of th 

firings in October and November, 

Before I had made my own experiments, as above given, on th 
emperature of mountain springs, I gave myself a great dea 

r trouble to find out the decrease of Icnipi'ratiire in the so 
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with the height, from \^'ahtenberg'8 single observations aa fl 
tempcralure of the Sn-hs Alps,' von Buch's in the Canary 
Islands, f Forchhaninior's an tlie Faroi; hlandg, J and Kern's 
on the Sivabian jilps.^ But the results of these attempts were 
as unsatiafactory as Kamtz's calculations [| on Wahlenberg's 
observations, which gave the very iniprobahle result, that at a 
height of 2700 ft-et, the temperatures of the air and of the soil 
are e^ual, liut that at the height of 12,000 feet, the soil is 
1 r.26 warmer than the air, 

1 have myself observed the temperature of a great number 
of springs in the Alps ; but it would be of no assistance to us, 
in our present object, to communicate them here. That which 
resulted from the one year's observations in the Siebengebirgf, 
on a. small scale, was there seen on a large scale. For example, 
in the neighbourhood of Grindelwald, namely, at the foot of 
the Metlenherg and of the Eiger, I observed no less than 
twenty-two springs, whose temperatures were between 37*-40 
50° .00, and the coldest were })recisely those which were on the 
lowest level. What conclusions can be drawn from these on 
the temperature of the soil, and on the decrease of tempos- 



Chap. XIX. — Wliat Conclusions may he drairiifroTn the OhsertO' 
lions hitherto viade on the Jncrease of Temperature towards At 
Interior of the Earth 9 

In the foregoing chapters we have become acquainted viA 
the various causes which may modify the increase of tempera- 
ture towards the interior of the earth. Is it then surprising 
that the results should be so very various, frequently bearing 
no comparison to each other ? 

Kircber 1i seems to have been the first who took notice of J 



• De Veget. et Ctim. in Helvet. septentr,, p. Ixxvii. § fl7. 
t Poggendorff's AcnaL lii. 407. 

i KBraten's ArcliivfurMinerali>gie,«c. fttii. 199. See also Pogg 
AnnaL xxiv. 213. 

g Kaatner's Arihlv flir Chcm. uiid Melerol iv. 42. 

II Lehrh. lier Mtteol-"!. ii. SOO. 

Tl Mumliis SublerraneuE, IGdi. fi.I., vnl. ii. p. ]fi4 and 18S. 
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increRse of temperature io the earth. The mining officers of 
Sckemnits remarked to hini that they had nothing to sufler, 
either from heat or cold in the mines, so long as there was a 
good eircnlation of air; hut when such was wanting, it inva- 
riably became warmer. From Mr Schapelnian, the director of 
the mines (Bergmeister) at Herrengrundt in Hungary, Kircher 
learnt that when the mines are dry, their temperature increases 
with l!ie depth, because it is impossible, on accomit of their 
depth, to give them a sufficient ventilation ; but that when 
they contain water, although deep, they are not so warm. 
Boerhave • also mentions the increase of temperature towards 
the centre, and Mairan -f- first set up the hypothesis of the 
existence cf fire in the interior of the earth. 

Regular observations of temperature in mines began in the 
middle of the last century, and have been very much multiplied 
since that time; Either the temperature of the springs, or that 
of the water which flowed from the adit, was usually observed ; 
but the number of the observations was inconsiderable, and the 
results are tliemselves very uncertnin, since the waters may 
bring cold from above or heat from below with them J ; or else 
they observed the temperature of the air on the rock. We pos- 
sess observations of this sort in great numbers, and in depths 
of 1278 feet 11 inches, 1598 feet 8 inches (1200 to 1500 feet 
French feet ?). 

The first observations were made towards the middle of the 
last century in France, at the instigation of Mairan, § in the 
mines of Giromagny, near Befort, in the Vosges. In the year 
1806, B'Aubuisson || made some observations in the lead and 
silver mines of Poullaouen and ffuelgaet, in Bretagne ; and 
from 182^ to ISf'^S, Cordierf did the same, in the coal mines 

S(d the departments of Tarn, Ni&vre, and Calvados. 
[ From Switzerland, we have the observations of De Saussure,** 
' Elementa Chemiae, LipBui?', 1732, vol. i. p. 403. 
"f M^m. de L'Academie [loiir 1719. 
X The former case eeeins to be the more frequent. 
g Dissertation sur la glace, k Paiis, 1749, in I2oid, p. 61). 
II Journ. deg Mines, vol. xni. p. (iO. 
^ ADOal. des Mines, deuxleiiie series, vol. ii. p. 53-131). 
" ■ Voyages duns les Alpes, g lOBU. 
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wtijch he mode abuiit Itfty yitirs ago, in llie salt-mints of B(i, 

under very favourable circumsUncea. 

Many observations were also made in Gcrmantf, namely, in 
Saxony. As, for example, those of Von Freie^eben and Vm 
Humboldt, in the year 1791 ;* those of D'Aubuisson, ia ISOSf 
of Von Trebra in 1805, 1806, 1807, and 1815,t and lartlj, 
those of Von Heriler, under the special managenient of Rdch, 
ill the years 1830-18i2.§ In 18S8-18iiO, regular observatisBB 
have been carried on in various Prussian mining establiib- 
ments t| 

Great Britain has afforded ub a great number of observa- 
tions since 1815 ; namely those of Thos. Lean, Rede, Forbes, 
and particularly W. Fox and Moyle in the copper and lead 
mines of Cornvmll and Devonshire, and those of Bald, Dunn, 
and Fenwick, in the coal-mines in the north of Engiand.^ 

In Siceden observations were conducted by tbe director of 
mines, Claes Wallmann, in the mines of Fahhm.** From Itah/ 
we have those of Fantonetti, in the gold mines of Pestarenadi- 
Macugnana,-f- -^ in the valley of Jnzasca. 

And lastly, we are indebted to Von Humboldt for obaervB- 
tions in several of the mines of Mexico and Peru. % * Complete 
compilations of these observations, with the exception of thos2 
more recently made in Suxony and Pruaaia, are to he found in 
various works. § § 



• Annal. de Chilli., vol. xiii. p. 210. 

tDescription ilea Miiies de Freyberg, vol. iii. p. 151, 18C, and 200, Journ. 
del Minei, vol. iLp. S)7, vnL xiii. p. 113. 

f GeiigT. Ephemeriden, 49, 432. Atinal. des Mines, vcl. i. p. 377, ^ol, iii- 
p. as, Annal. de Chim. voL xiii. p. 211. 

IBeicb, incacit. 

II Fo^end. Annal. vol. xxii. p. 497. 

H Annal. de Chiin. el de Phya. vol. xiii. p. 200, vol xvi. [ 
p. 438, vol. xxi. p. 3U8, and Geoj^. Distribution of Plaotit, by Wincb 

• • Kongl, Velensk. ac Handl. ar IB3I. 
+ + See BrugnBtelli's Gwmale, 1821, p. 467 ; iJao Gehler's 

Worterbuch, vol iii. p. 978. 

t X Annal. de Chim. et de Phya. vol. xiii. 207. 

g § AnnaJ. des Mines, vol. i. p. 378, and vol. Hi. p. G3, Annal. de Chtm. et 
d« Phya. vol. xiii. p. 183. Gilbert's Annal. vol. Ixxvi. p. 3!J0, very complete. 
Gehler'a neues Phys. Wiiilerbuch, voL iii. p. n74 and following, Reich, Iqcq 
citato, p. 139, very complete and omparalivc- 



;177, vol, iii. 
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^^■The following is borrowed from Cordier^s comparative re- ^^J 
^^hts of these observations, ^^^H 

^^The mean depth in which the temperature rises, 2°,S5 F. or ^^^| 
^l" R. is, 1st, From the observations of the temperature of the 
springs ; in Saxony^ 188 feet 7.7 inches (English feet) ; in 
Poullaouen, 450—10 ; in Huetgoet, 122—6 ; in Cornwall, 102 
— 4; in Mfxico, 102 — 4. 2d, From the observations on the 
temperature of the workings of the mines : in Cornwall, 69— 
3 ; in Devonshire, 110—10 ; in Bex, 106—6.9 ; in Povllaouen, 
263 — 2. Sd, From the observations on the temperature of 
considerable bodies of water in the mines : in Cornwall, 118 — 
4; in Saxony, I'JO — 7; in HvetgoSi, 175 — 10. ■1th, From 
observations on the temperature of the rock in mines ; in Saxmiy J 
198—3 ; in Cornwall, 69—3 to 122—6. I 

Cordier's own observations give a mean of 147 — 10.2 and 1 
61 — 9.7 feet. As a general result, he asserts that the increase 
in the internal heat of the earth does not every where follow the 
same law; that it may be twice or even three times as rapid in 
one country as in another ; that these differences are totally in- 
dependent of latitude and longitude, and that the increase is 
certainly greater than has been generally supposed. According 
to him, an increase of (1° R.) 2° .25 may take place in 61 — 9-7, 
or even 53 — 3.4 feet ; but for the present he takes it at 102 — 
3.7. Kupffer* attempts, but with little success, to reconcile 
the irregularities in these results. Still less can we agree with 
him, in wishing to determine the mean temperature of the soil 
from the increase of temperature observed at any particular 
place. 

According to the above-mentioned observations in the mines 
of Pj-ussia, the calculated depth in which the temperature in- 
creases 2°.25 F. Cl°fi.), varies from 63—11.3, 473—5.4 feet.f 
The latest observations in the Erzgebirge also yield very vari- 
ous results ; indeed, in the Neue Hqffnvng Gottes at Brduns- 
dorf, and in the Stockwerk at AUenherg, the temperature is 
observed in some cases to decrease. Reich, therefore, calcula- 
ted the most proliable mean from all the results, by taking into 
consideration, as far as he was able, all the causes which might 



* Foggend. Annal. vol. xv. 171. Sec nlan Reich, L c. p. 149. 
t Jjoco citato, p. 528. 
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have influenced the Dbgurvations, In this nranner be found, 
for an increase of temperature of S^-SS F. (I- R,), ■ depth o* 
171—6.9 feet. In order to judge of the probability of a cod- 
■tant error, he examined whether the warming or the ODoUng 
influences predominated. He found that the error was on the 
nde of the Utter, and that the increase of temperature wascon- 
tequently found too arnaU, which seems also to accord with the 
obiter\*ations in other places. Although in several mines oh- 
Bcrvationit have Ijecn made at more than two points, one below 
the other, it cannot be determined whether the increase of tem- 
perature is proportional to the depth. Sometimes the tempe- 
rature increases, sometimes det-reases with the depth ; gome- 
times it decreases at first, and afterwards increases again, and 
THce versa. 

The thermonietrical observations hitherto made in mines 
have, then, given such very various values for the increase of 
temperature towards the interior, that it is impossible from them 
to discover the law. This is by no means surprising when we 
consider how numerous are the causes which tend to dtsciHii- 
pose that law, and which have been treated of in Chapters IX, 
XI, XII, to XVII. We have already seen, from the reflec- 
tions in Chap. XVII. what a considerable influence is due to 
r the configuration of the earth. Some of the observations may 
have been made in mines excavated on the decli^-ity of steep 
mountains, in which case, as is shewn in Fig. V, Fl. II, a 
very protracted increase of temperature would take place, A 
shaft sunk from C to e, for example, would have given an in- 
crease of S-'.SiS, 2=.65— 4''.4. F. (1 " K.) in 249 feet, whilst shafts 
at c and d would have given 1S2 — 6.7 feet. If the configura- 
tion of the surface of the earth, at each point of observation, 
were known, we should be enabled, by means of the formula 
developed in Chap. XVII., to correct the modifications of the 
law thereby effected. But how is it possible to bring into cal- 
culation the numerous other influences .' 

However, almost all observations indicate that there exists 
an inward heat, which is peculiar to the earth itself, which does 
not proceed from the sun's rays, and increases rapidly with the 
depth ; for the few observations which have given a contrary 
result cannot be brought forward as proofs against the gene- 



Ilol and Thcifnal Spring.^. 187 

rality of this assertion, since local circumstances may some- 
times, as, for instance, in the Sauberg at Ekreti/riedersdor/ 
(see Chap. VI.), cause a decrease of temperature to a certain 
depth. This may, perhaps, aJso be the case in the Swedish 



Even the most strenuous opponent must be convinced when 

he considers the high temperature possessed by considerable 

bodies of water collected in deserted mines. It is impossible to 

conceive any other cause for this than the innate heat of the 

walls of the cavities in which the water accumulates. But the 

temperature of these walls cannot be ascribed to any other 

^^use than the natural high temperature of the earth at a eer. 

Hitfn depth. Thus, Fox relates that in 18S0 the water in the 

^^^iper and tin mine of Poldice, at a depth of 144 fathoms, had | 

^^ temperature of 79°.92 P., whilst in 1830, when the workings 

had been carried to a depth of 176 feet, it rose to 99''-95 F.f 

A rare opportunity of observing the temperature of an insu- 
lated body of water presented itself to Reich. J In a mine near 
Freyherg, a supply of water of several cubic feet per n 
was cut off, for the sake of prosecuting the works, at a depth ' 
of 916 — 6.7 feet, by means of a Keilverspundens. This was 
composed of wedge-shaped pieces of wood of 6 — 4-7 feet long, 
which fitted so exactly together, and against the smooth-hewn ■ 
walls of the gallery, that, notwithstanding a pressure of 18 at 
mospheres, a very small quantity of water could escape ; on the I 
20th of March 18^3, the escape was only 0.S2G cubic feet in 
an hour. In this manner a space of 62 feet long, 6 feet high, 
and 3 feet wide, was shut off and filled with water, which had 
hardly any communication with the gallery. Reich carefully 
examined the temperature of this body of water on the 30th 
September 1832, and on the 20th March 1833. These seasons 
were chosen, because, if the influence of the seasons should 
be perceptible, it would on these days be the most striking. 
On the 80th September, he found the temperature of the wit- I 
ter, from five perfectly accordant observations, to be 61°.65, I 

* Bergman, Phyailcal-Erdbeschreibung, 1780-4, voL ii. p. 113; anil Walil- 
auuiii in Berzeliua' Jahresbericht, vol. i. p. 149. 
P(^[gen(U AdiibI. vnl. xxi. p. 171. 
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ami that of the air, 6 fatlionis from the verspUnd^n, eO'.g tu 
(ir.02; und on the SOtli March, also from five perfectly accor- 
liont observations, the temperature of the water 6l=.56, and 
tliat of the air, at the same place as before, eO'.Sa. The dif- 
ference of 0''.09 is within the error of obser\ation. It is eet- 
tain that the enclosed body of water must have assumed the 
temperature of tlie surrounding rock ; and in Reich's opinion 
there can l»e but two causes which could occasion a difference 
between them. The first is the escape of some of the water 
through the vcmpunden, and its replenishment from above- 
the second is the continued change of air before the verspiinden. 
But both of these influences can be but inconsiderable, for, as 
we have already remarked, a very small quantity of water 
makes its escape, and the enclosed water is separated from the 
air by a mass of wood of 6 feet in thickness. Further, these 
two circumstances could only lend to diminish the temperature 
of the water, as the water was replenished from above, and the 
air at the end of the summer, as well as at the end of the win- 
ter, was colder than the water, although the diflereiioe was 
smaller in the former case than in the latter. 

From these observations, Reich calculated an increase of 
temperature of y°.S5 in 136 — 11.3 feet, which is very much 
.more rapid than the mean deduced from the observations in 
the mines of the Erzgebirge. This adds some weight to the 
supposition expressed above, that the mines are by degrees re- 
duced in temperature by the entrance of cold air and water 
from the surface. 

Later observations of Phillips,* in a shaft of imusiial depth 
recently sunk at Moiik-Wearmouth, near Newcastle, gave re- 
sults which corresponded very nearly with those in the Erzge- 
birge, All external influences could only have caused a depres- 
sion, but not an elevation, of temperature in this shaft. With- 
out detaining ourselves with the observations on the tempera- 
ture of the air and the coal, we will only mention, that that of 
the salt-water which collected in a small shaft in the vicinityj 
and from which there was an uninterrupted disengagement of 
bubbles of carburetted hydrogen, was TS'.SQ, and when the 
ngagcment of gas subsided, 1%°.Q and 71°.60. The 

■ Philoaophical Magaziue, IDS'!, vol t, p. 44G. 
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t rile sliafl lies 86—10.2 feet above the flood-mark of the sen ; 
the point of Phillips's observations 1684—0.8 feet below the 
opening of the ahaft, and consequently H97 — 0.6 feet below 
the surface of the sea. At the upper end of the shaft, the mean 
temperature of the air was 47*.58, and that of the salt-water i 
below 72°.S9. Supposing the temperature not to have increa- 
sed in the last 100 feet (?), so that 72°.59 were the temperature 
I at the depth of 1484 — 0.7 feet, Philips calculates an increase | 
|f r.25 F. (1» H.) in a depth of 13S— 6.8 feet. 
W These observations point out in what manner the most accu- I 
■fflte results as to the increase of temperature towards the centre | 
of the earth are to be obtained. In old exhausted n 
leries are often to be found in which water might probably be ' 
shut off in a similar manner for the sake of observations, as was ] 
done in the Freyherg mine above referred to. Although the 
expense of the observations would be increased by such opera- ■ 
tions, yet, on the other hand, they would be very mucli simpli- I 
iied, as it would be sufficient to make them tioke a-year, in 
spring and autumn. 

Another very favourable opportunity of obtaining accurate | 
thermometrical observations offered itself in the sounding at 
Pregny near Geneva, 'already referred to more than once. 

»Mr Giroud wished to have an artesian well .sunk at his conn- ■ 
by seat at Pregny On coming to a dopth of S82 — 11.7 feet. 
without meeting with water, he gave up the undertaking. 
Messrs de la Rive and Marcet upon this opened a subscription 
for the continuation of the work, and thus they succeeded in 
reaching a depth of 726—10.2 feet. The failure of the first 
object of the undertaking, namely, to obtain spring water, wa: 
particularly favourable to the observations, as the variations of ] 
temperature, caused by the gushing in of water into the well, 
were thereby entirely avoided. The water in the well rose once 
to within 13—10.2 feet of the surface ; at 106—6,9 to 159— lO.S 
feet deep it was so muddy that no such influx of water could 
possibly have been supposed to exist, especially near the bot- 
tom it was rather a very wet earth than water. The pre- 
judicial effects of currents of air in dry wells were consequently 
also prevented. Besides which the thermometer was enclosed 
in a cylinder of 4^ inches in diameler, which exactly fitted into 
^LjJie well, so that, at least, whilst it was sunk to any certain J 
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depth for ucertabiog the tmipenture, all poanble tnfius o( 
water was preveuted. Lastly, tbe bet that the resulla olKain- 
cd at a certain tieplh exactly nundtled, whether obst-Tvedat the 
bottom of ibo well ur at the same point afterwords, wlieu the 
work had been carrietl on (o 106—6.9, 213 — 18, or 319—8.7 
leet below that point, puts it beyond doubt that nuthing could 
have tended to dtfttnrb the obsenations. 

Tlic teniperuture was observed with the utmost tare by 
means of a rnHximiim ihennometer. The results shewed so 
exact a coindUence among each other, as well as with those uf 
ft common therniumeter in the le^s considerable depths, that the 
greutext confidence may be placed in them. The following iiv- 
chtdcs the whole series : — 



Fun S< 


.... 


B.™.., 


..,.. 


DetuhbUBW 


CotTBpOOd- 


IXpthbda* 


C««.poml. 


il^nrrui. 


hgTmpe- 




mtTctnpe- 


Fob. 


»■*,. 


T^, 


Fah(. 


31-11.7 


60.» 


3I9-&7 




63—11.3 


5I.I2 


63—11.3 




10C_«.0 


si.n 


lDfi-0.9 


5l'.67 


189—111.3 


62:47 


161—4.1 


62.43 


21:1—1.0 


5337 


21.1—1.8 


63.15 


36*1—52 


64.60 


a0fl_S,3 


5fi.97 


319—8.7 


65.62 


319-8.7 


56.51 


373_{l.l 


60.S2 


351— n.4 


65.08 


426—3.7 


67.67 


373—0.1 


56. S3 


47!!- 7.1 


60.30 


394 — 3.9 


6G.7S 


632- 10.0 


S9.4S 


42«— .17 


5731 


6(i6— 2. 


GU.4I 


45B— 3.4 


67.«7 


(!39— fia 


6I.3C 


479—7.1 


5R.32 


C92— aa 


02.37 


53a- 10.6 


SU.56 


724— a.(i 


63.05 


r,8ii— 3. 


fid. 4 5 






638—4.6 


01.47 






692—8.9 


62.59 



In the first series the thermometer remained in each sta 
60 long as was found necessary by experience for the exact o 
servation of the temperature. 

The second series was undertaken in order to ascertain 
whether, by sinking the thermometer more or less rapidly, any 
difference in the results would ensue from the heat caused by 
the friction of the metallic cylinder against the sides of the welt 
However the presence of the water would lead us to exp 
negative answer I0 this question. 
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From the above observations we find that from 106 — 6.9 feet 
(to which depth the temperature remains constant at 61°.68) 
to Tii — 8.6 feet deep, the temperature increases in direct pro- 
portion to the depth, and tliat the increase of depth correspond- 
ing to each additional degree of Reaumur is 122 — 2.8 feet. 
There is no doubt that this regularity in the increase of tem- 
perature is owing to the place of observation being jjerfectly free 
from all causes of disturbance. As former observations inothec 
places have generally shewn great irregularities in the increase 
of temperature, it is probable that they have been influenced . 
by accidental circumstances. 

The lowest degree observed, 50°.9, still exceeds by 1°.S5. the 
mean temperature of Geneva (49'.55). De la Rive and Mar- 
cer are of opinion that they would have found this last in a 
depth of 4S? — 7.6 to 53 — 8.5 feet, if they had been able to pene- 
trate into the rock itself. They think that the higher tempe- i 
rature of the water in the upper part of the well must be J 
ascribed to currents of water which brought up heat from be- 
low, and which seemed probable from the clearness of the above, i 
The influence can, however, only have extended to the first I 
106—6.9 feet. 

Chap. XX.— Coa the Progression of the Increase of Temperature to- 

ktnardi the centre of the Earth be with ixrlainty deduced from the 
Tenqieraiurt of Artesian Sprioffs, and the depth from whidi theff 1 



Arago long ago declared that artesian wells were peculiarly 
adapted to the determination of the rate of increase of tempera- 
ture in the earth. More lately Spasky ' and Kupffer + have 
endeavoured to calcidate that rate from existing obsei-vations. 

In order that such a calculation should yield accurate results, 
it is necessary that the following conditions should take place : 
— 1st, That the spring should not rise from below the place of 
its first appearance in the well ; and, 2d, That it should also 
have exactly the temperature of the lowest point of the well. 

If the well have been sunk to within a short distance of an 
impervious stratum, the first condition will easily be fulfilled. 
But if it happen to have encountered a spring, coming from 



• Poggend. Annal. toI. kx) 



. p, 36.'.. 



y I bid I vol. 3 
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below, under a press-ire sufficient to force it to the surface, the 
teoiperature of the wtll cannot be the same as that of the rock 
at the bottom. And even if the lowest point of Ihe course d 
such a spring were exactly on tlie same level as the bottom of 
the well, yet it could only assume tlie temperature of ihe sur- 
rounding rock, in case it should have remained long in contacl 
with it. This may, with probability, be supposed to be the 
case, when the temperature of the spring is constant. How- 
ever, it may also take place, even though its temperature be 
variable, if its variations follow late after those of the air. So 
that the later in the year a spring reaches its maximum tempe- 
rature, the more likely it is to shew the true temperature of the 
lowest point of its course. 

On the contrary, springs whose variations of temperature 
take place nearly or exactly at the same time as those of the 
atmosphere, will not give the real temperature of the lowest 
point of their course. Thus, the salt-springi of IVerl can 
hardly be ex])ected to shew the real temperature of the low- 
est point of their course, as their variations of temperature 
correspond almost exactly with those of the air.* 

Spasky and Kupffer calculated, from the observations on the 
temperature of the artesian wells at Vienna,-]- an increase of 
temperature of l" R. or 2=.25 in 88—5.5 and 8^—1.5 feet, 
Kupffer found the same at 80—11-9 and 74.7.2 feet from those 
of Rochelle anA Epmay.\ From iMr Griffith's § observations 
on the temperature of two springs encountered at different 
depths, it was calculated at 49-0.3 feet. 

So rapid an increase of temperature gives room for the con- 
jecture, that the depths of all these wells are not equal to the 
lowest point of the course of the springs, but that the springs 
rise from a still greater depth. 

* Thete thermal springs indicate the immediate Infliipnce of the eileritil 
temperature, which is certainly not cdtnmunicBted through the enrlh. Tbeit 
yearly mean temperature, hawever, coincides nearly with the temperature of 
the earth at the laweat point of their cnurae. In an far It might ofler a ou- 
inerical element for the calculation of the increase of temperature with the 
depth, provided the well were aa deep aa the loweat point of the apring'i 

+ Baumgirtner Journ. fur Phys. und Mothem., vol. viii. No. 3. 

t .Toum. de GeoloRle. 1830. Vol. i. \i. fl!). S Ibidem, p. R?. ' 
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sitioii. The position of this shaft is such, thai the circum 
stances must he supposed rather to resemble those at Gmn 
and EMersdarf, than those in the Erzgcbirge ; but they in 
farTcspinble thoso of the Er^ebirge, that the influence of t 
atmosphere, as Phillips remarks, can only cause a depression 
but not an elevation of temperature. 

However improbable, therefore, it may be, that perceptibt 
different values should be found for n beneath plains and 
mountains, it would yet be desirable that such favourable di 
cuinstancea as those at Geneva, in the Er^gebirge, and in 
English mines, should be more frequently met with aiid ta 
advantage of. Then it would not be long before a general Iff 
for the increase of temperature towards tbe centre of theeait 
would he found. And if this law should suffer interruption 
as all other physical laws do, yet a numerical cspresdon i 
such interruptions might possibly be discovered. 

The following Table is illustrative of the observation* 
Chapter VI. of this article, at p. 362 of the SO th volume 
this Journal. 
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Xo. 1 — 18, Wahlenberg, Oilbert*B Annal. v. xlL p. 113. and fbl. 

Xo. 19 and 20, Berghaus^s Hertha, Jan. 1829, v. xiii. p. 20. Spring 19 rises oat 
of a bed of pyrites, and is situated 337 feet above the level of the sea. No. 20, 
which rises out of clay, lies 264 feet above the sea. 

Xo. 21, Ennan jun., Poggend* Ann. v.^xL p. 297 and foL The temperatures 
signed * are found by the interpolation. 

No. 22, Wahlenberg, loco cit. p. 160. Ennan sen. (see Abhandlungen der KSa. 
Acad. d. W. in Berlin for 1818— 1819, p. 377 and fol.) observes that Wahlen. 
berg^s scale of variations in the temperature of this spring remained the same 
during several years. According to him its mean is 45^.66. 

No. 23 — 29, Elrman sen. as above. 

No.f30 — 33, Brandes die Mineralquellen, &c. zu Meinberg, Lemgo 1832, p.271t 
2^3, 306, and 317. 

No. 34—39, conmiunicated by M. v. Lilien, Director of the Salt Works at WerL 

No. 40, communicated by Pro£ Benxenberg in Dusseldorfl 

No. 41 — 49, observ. of the author. 

No. 50, communicated by M. Wagner, Surveyor of Aix-larChapelle. 

No. 51 — 58, Abhandlung iiber die Wftrme der Erde in Basel, von Meriaa. 
Basel, 1823. 
No. 59 — ^75, According to the communication of P*ro£ Plieningerin Stutgardt* 



* For the reductions of the degrees to the scale of Fahrenheit in the Me- 
moir of Bischof, I am indebted to Mr Greorge Atkin, author of the useful 
Thermometrical and Barometrical Tables, published by Messrs A. & C Bisck, 
Edinburgh. 
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NATURAL HISTORY OF VOLCANOS AND 
EARTHQUAKES. 



re volcanic p/teriometia capable of a salisfactOTif explanation fromm 
the increaseof temperature towards the centre of the earth, or can 
mical procetset be admitted with greater pri,babililif to be thee. 
t^ volcanic action ? 

On inquiring into the cause of volcanic phenomena we musf 
not forget, says Von Humboldt,* that the arrangement of vi 
canos sometimes in circular gronpsand sometimes in double lim 
is the most decided proof that their action is not dependent on 
any trifling causes, lying near the surface, but that they are vast 
and deeply-seated phenomena. Thus, for example, the whole 
of the high country of Quito is one volcanic hearth, of which 
the mountains of Pickhicka, Cotopaxi, and Tunguragua, form 
the summits. The subterranean firebreaks out sometimes from 
one sometimes from another of these vents, whicii are usually 
considered as distinct volcanos. The earthquakes, with which 
America is so dreadfully visited, are also remarkable proofs of 
the exisience of subterranean communications, not only between 
countries free from volcanos, as has been long known, but also 
between volcanic hearths situated at a great distance from each 
other. All these circumstances prove that the forces do not act 
at the surface of the crust of the earth, but that, proceeding 

• On the structure and action of volcanos in various parts of tbe oarth, 
I the Abhiuidlungen der KSnigl. Acad. d. WiBsenseh. zii Berlin, 1B22 and 
H3, p, 137, and in Jameson'B Pliil. Jour. vol. v. p. 222. ~ 
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from the interior of our planvt, tbey cotmnunicate 
raneousl; by fissure* with the most distant points cm the 
face.* 

Two hypotheses may be proposed respecting the causes of toI- 
canic phenomena. The ooe supposes them to be occasioned bj in- 
tense chemical actions takiog place between bodies having a VMJ 
great affinity to each other, and by which so great a heat is pro- 
duced, that laras melt and are forced to the surface of the earth 
by the pressure of elastic fluids According to the other, the 
earth at a certain depth is at a white beat, and this heat is the 
chief cause of volcanic phenomena 

Chap. XXI. — The hypoihesUt ichieh OMcribei volcanic phatomaiMlB 
interue chemiad action, lAacn to be untenable. 

We will not detain our readers with anaccountof theearliff 
hypotheses, which derive vulcanic phenomena from tbe action of 
iron upon sulphur, or from the combustion of pyrites or ooal, 
as their insuiliciency is self evident. But Davy's discovery of tbe 
metallic bases of the alkalies and earths was considered as 
throwing a great light on this subject. 

This distinguished philosopher, who instituted some veiy 
interesting ex|>eriments at Veimvius during its eruptions in 
1814, 1815, 1819, and 1820, endeavoured to explain the 
phenomena by the oxidation of the metals of the alkalies and 
earths.-f- He thinks himse'f justified in supposing the caverns 
beneath the So!/atara of Puzzwili to have a subterranean 
communication with Ffstiuii/a, because whenever the latter is 
in action, the former is in repose. A slip of paper which 
Davy threw into the mouth of the Solfaiara, during an erup- 
tion of Vcsnvivs, was not rejected, from which he concluded 
that there must be a descending current of air. The subterra- 
nean thunder, which is beard at such great distances from be- 
neath Vesuvius, seems to him to indicate tbe existence of great 

* Von Humboldt's Rwisen in die (Equinoctial Gegenden ilea neuen Conti- 
nents, t. i. p, 490, t. iii, p. 21, 20, and 40, otTer many instajices of this kind. 

t Snr lea Phcnom^nm des Volcans. Annitlps de Chim. et de F^f^> 
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^^ubterraneaa caverns, filled with gaaeous substances, and th^l 
^^pe same caverns which, during the activity of the volcano, con-l 
^^pnue for a long time to eject enormous quantities of aqueoual 
^papour, must be filled, during its repose, with atmospheric air. 
H]n proof of the existence of extensive caverns, he mentions those 
Bfai the limestone of Cnrniola. Now, as the metals of the earths 
KId the supposed volcanic cavenis are not only exposed to the af- 
B-tion of the air but alao to that of aqueous vapour, they will 
H be oxidized at the expense of both, and be converted into lava. 

■ He thinks his hypothesis capable of explaining all the pheno- 

■ roena which he obhcrvtd. 

■ Davy also touches upon the circumstance, often mentioned 
I by geologists, that almost all great volcanos are situated near 

■ the sea.* Supposing their first eruption to have been caused 
W by the action of the sea-water upon the metals of the earths, 

and the metallic oxides, ejected from the craters in the form ot 
lava, to have left vast caverns, the succeeding eruptions would 
he effected by the oxidations which would ensue in those ca- 
K[ Terns. Davy is of opinion that when volcanos lie at a distance 
^Urom the sea, as those of South America, the water may be fur- 
^tuinhed from subterranean lakes ; for \'on Humboldt asserts*that 
^bome of these volcanos cast up fish. 

^B If we wish to ascribe volcanic phenomena to chemical actit 
p flays Davy, the oxidation of the metals of the earths and alka- 
lies merit our attention in preference to any other process. He 
himself, however, observes, that the observations in mines and 

(in hot springs seem to indicate, with some degree of probability, 
tfiat the interior of the earth possesses a very high tempera- 
ture, and thai, if the earth's nucleus be supposed in a state of 
* That voleanos may ant at a great dUtance from the aea ia proved by the 
P«ft^»ijithe eeotreof jlnii, which ia 260 g^ographicttl miles diBtant from any 
great sea, and from which streams of lava have iesued within the period of 
OUT hiatoty. Even the opinion that the vicinity of extenaive lakes operateB 

on the volcanos of Cinfrai .^tia, in the sumeinanDer as the ocean, iaunfound- 

ed. The volcano of Tur/av is surrounded by veryinconsiderahie lakes, and 
•the lake of Temartu or TuUnd, which is not twice as lar^ as the Laig of Gc' 
iteta, lies fully !& get^raphical miles from Peidan. See also Girardin in op- 
position to Davy's hypothi>fiis in Jameson's Phil. Joum. vol, i 
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fusion, the explanation of volcanic phenomena is simpler than 
according to hia own theory. 

Gay Lussac very justly remarks, that it is impossible to con- 
ceive the admissioD of atmo!:pheric air into the focus of volca- 
noB, as there must be a force within them acting outwards, bj 
which the liquid lava, a substance about three times as heavy 
as water, is raised to a height of alwve 3000 feet, as at Vau- 
vhts, and more than 9000 feet in many other volcanos. A 
pressure of 3000 feet of Java, equal to that of a column of wa- 
ter of 9000 feet high, or to about SOO atmospheres, necessarily 
prevents the entrance of air into the interior of the volcanos; 
and as this pressure continues for many years, during whidi 
time the phenomena by no means abate in activity, it is im- 
possible that air should in any way contribute to it. 

The presence of water in volcanos during the various stago 
of their activity is, on the other hanil, a circumstance repeatedly 
witnessed by all observers." Even the smoking during their 
intervals of repose is, for the most part, nothing but a disen- 
gagement of aqueous vapour. Violent eruptions are not on- 
frequently followed by such enormous quantities of steam, that 
It condenses in the atmosphert, and falls in heavy showers, as 
was the case after the memorable eruption of Vesuvius, which 
destroyed Torre del Greco m 1794.+ Among the elastic flulA 
evolved from volcanos, besides aqueous vapour, we frequently 
find Bulphureted hydrogen gas, as, for example, from those at 
the equator ; and from others, as Ve/tui'ius, muriatic acid gas. 
But the formation of these gases in the interior of volcanos 
cannot be conceived without the presence of water. 

If the oxidation of the earthy and alkaline metals were to take 
place at the expense of water, enormous quantities of hydrogen 
would be necessarily evolved during volcanic eruptions. But 
this gas seems never to issue from volcanos. According to the 



* See, amijng others, Montioelli aud Covelli, der Vesuv, Deutsch bear- 
beitet von Noggerath and Pauls. Elberfeld, 1824, p. 167. 

t See voD Buch'a geognoatische Beobachtnngen, torn. ii. 1S2. There tf, 
however, still another muse, which occasions these heavy showers, as ire 
shall shew afterward b. 
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observations of Broislak,' Spallanzani,-f- Monticelli and Co- 
velli, X Hoffmann, 5 and Poulett Scrope, || flames are never 
seen to rise from the crater of Fexuvlus. Neither did Gay-Lus- 
sacIT during his stay at Nnph.i in 1805, during which he was 
a frequent witness of explosions, which raised the fluid lava to 
a height of above 600 feet, ever observe a combustion of hy- 
drogen gas. Each explosion was accompanied with dense black 
columns of smoke, which would have inflamed, had they been 
composed of hydrogen gas, as they were traversed by bright 
red-hot masses. According to Boussingault, neither hydrogen, 
muriatic acid gas, nor nitrogen gas, is evolved from the volcanos, 
under the equator, in the New World. ■• In opposition to 
this evidence, we have the assertions of Von Buch. f-f- 

Davy's hypothesis does not account for the exhalations of 
carbonic acid gas (Mofettes), which not only succeed every 
eruption of Vesuvius, but also occur in the vicinity of extinct 
volcanos and in places affording unquestionable traces of for- 
mer volcanic action {Auvevgne, Vivarais, Ei/el, Luacher See, 
Bokemin, and so forth,) J $ in ama/ing quantities, and as far as 
weean learn from history, with uninterrupted uniformity. These 
phenomena must necessarily be closely connected with volca- 
nic action, and cannot pass unnoticed. 

But these disengagements of carbonic acid gas could not 
take place in the presence of atmospheric air in those vast sub- 
terranean cavities without their mixing together. Yet, accord- 
ing to Monticelli and Covelli,|l|| the Mofettes of Ve-mvius con- 



I 






Lehrbuch dor Goologie, frangl, into German by Strombeok, vol. iii. 

17. + Voyages dans leS Deux Siciles etc. vol. ii. p. 31. 

t Loco cil. p. !91. § A personal commniiicatiDii. 

II ConBideratioDB on Volcanos. London 1825. 

TI Loco cit. p. 420. ' ' Anal de Chiin. ef ds Phya. t. Iii. p. 23- 

t.u. p. I4l. 
tt Monticelli and Covelli, L c. p. 19L Bischof and NBggerath in Schweig- 
Joom. v. xljii. p 28. Biscliof in Schweigger-Seidel's Joum. v. xxvi. 
p. 129. The same in his Vulcanischen Mineralquellea. Bonn. 1826, p. 251, 
Von Buch in Poggendorff'B Ann. v, xii. p. 418, 
II il LocociLp. 194. 
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tain but little atmospheric air, which seems not to intermix with 
the carlmntc acid ^s until it reaches the surface. I have ena- 
niined many such exhalations of carbonic acid gas, in the vi- 
cinity of extinct v<ilcanos (in the neighbourhood of the Lao- 
cker See and in the Eifil) as well as in places where there are 
no immediate volcanic traces {Hundsriick, the eastern declivitj 
of the Teuloburger iVald), and, in general, have found a scarcely 
measurable quantity of atmospheric air. According to Bous- 
singault," the elastic flinds, which are evolved from the vol- 
canos at the equator in the New World, consist of a great 
quantity of aqueous vapour, carbonic acid gas, sulphureted 
hydrogen gas, and sometimes fumes of sulphur ; he considers 
sulphurous acid gas and nitrogen, on the other hand, as acci- 
dental. This philosopherf- also found the same gases, viz., car- 
bonic acid and sulphureted hydrogen gas, in the springs which 
rise in the vicinity of these volcanos. All this is by no means 
favourable to the supposition of the existence of vast subter- 
ranean cavities filled with air under the craters, and an equally 
unfavourable circumstance is, that, according to Boussingault, 
no nitrogen is evolved from the volcanos under the equator, 
which must necessarily be the consequence of oxidation at the 
expense of atmospheric air. 

Independently of all this, the metals of the earths have hen 
found by more recent experiments to be by no means so ea^ 
of oxidation as DaTy''s hypothesis assumed. Besides, this prone- 
ness to oxidation must be supposed to be a property more es- 
pecially belonging to the metals of silica and alumina, as these 
earths together with oxide of iron, are the principal components 
of volcanic products, — lavas, basalts, &c,, generally amounting 
to about 0,8, whilst lime and alkalies, although never entirely 
wanting, form but an inconsiderable proportion. But Berze- 
liuslt baa shewn, that silicium, the combustible base of silica, 
when freed of hydrogen by being gradually heated to a white 
heat, is incombustible even at that heat in tlie air or in oxygen ; 
and that it is equally incapable of decomposing water. In like 
manner Wohler§ found, that aluminum, the metallic base of 



* Loco cit. V. lii. p. 5. t rbid. p. IBt. 

t Pofcgend. Ann. v. i. p. 321. S Ibid. t. xi. p. UO- 
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I alumma, is not oxidized under a red heat, and decomposes hot 
water but very slowly, while on cold water it has no influence 
whatever. 

Therefore Davy's hypothesis would be applicable only to the 
metallic bases of alkaline earths aiid alkalies. But, as these oc- 
cur only in small proportions in the volcanic rocks, it is scarce- 
ly conceivable that so niucli heat should be evolved by their 
combustion at the ordinary temperature as would be suflicieDt 
to melt the pure earths, or to inflame their metals, supposing 
them to exist at the seat of the volcanic action. 

The slight specific gravity of the metala of the alkalies, also 
proves fatal to Davy's hypothesis ; for, if the mean density of 
the earth surpass that of all kinds of rocks, those metals can- 
not exist, at least not in great quantities, in the interior of the 
earth.* Davy's hypothesis, therefore, according to the present 
state of science, will not account for volcanic phenomena.-f- 

Gay-Lussac,J assuming that water supplied the oxygen in 
volcanos, endeavoured to account for the absence of uncombined 
hydrogen among the exhalations of volcanos, by supposing it 
to form such combinations with otber bodies as would not in- 
flame by coming into contact with the air. This is the case 
when it combines with chlorine to form muriatic acid gas. He 
here refers to the observations of Breislak,§ and of Monti- 
celH and^Covelliy, which shew that this acid is among the ex- 
halations of volcanos. Be himself, however, observes, that an 
enormous quantity of muriatic acid must be evolved from the 
craters, if the hydrogen, which would result from an oxid^ 



' AIbo the latest expertmeuts, made with adniirabli) exactness by Fro- 
feasor R^ich in Fmiberg, with the asEietanue of tluj torsion-balance, have 
given bAi for the density of the earth, as a mean of 14 experiments which 
afforded very nearly the same results. Veraucbe iiber die mittlere Dichtig- 
keit der Erdo mittelst der Drehwoge von F. Reich. Freiberg 1838. Thia 
result accords very nearly with that, which was found by Cavendish and 
Hntton. 

+ Davy, however, afterwards abandoned his hypothesis. See C01180I&- 
tioB in Travel, or the Last Days of a Philosopher. 

t Loco cit. 5 I-oco oit. iii. p, 57 and 04. 

H L.c. p, 172. Sec also Danbeny's Description of Active and Extinct 
Volcanos. Lond, 1826, p. 372, and v, Hnmboldt's Reiss, etc. t. i. p. 198. 
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don by means of water, were to enter ioto combination with 
chlorine. But it would be strange that such an exbalation 
should not have been remarked sooner. In order to accouat 
for the formation of muriatie acid, he mentions the experi- 
ments made by him and Thenard, in which they evolved that 
acid, by introducing aqueous vajKiur into a mixture of sand and 
common salt heated to a red heat. In support of his position, 
he mentions the occurrence of common salt in the lavas, from 
one of whicli (that of Vesuvius in 1 822), Monticelli and Covelli 
extracted more than 0.09, and in the slags which cover the 
white hot lava, and which sometimes contain very beautiful 
crystals of salt. He farther notices the spongy lavas which con- 
tain so much iron-glance, and is of opinion that this may also 
be a consequence of the sublimation of chloride of iron, and its 
subsequent decomposition, by coming in contact with aqueous 
vapour and atmospheric air, while at a red heat.* And, lastly, 
he mentions that chloride of iron, in contact with water, becomes 
so exceedingly hot, that it is capable, in large quantities, of 
raising itself to a white heat, and that the chlorides of siliduin 
and aluminium must be able to produce a much more extra- 
ordinary degree of heat. 



• We may here notice the formatiun of artificial crystals of oiide of iron 
in a potter'a furnace. PogR«ndorff'a Ann. v. xv. p. 630. Mitacherlich, who 
gives an account of this, finds nn analogy between this formation and ^milor 
ones in vulcanoa. He explains it by itupposing that common salt and steam 
both act together upon silica or siliceous combinations, and form muriatic 
acid, and that this comes either alone or with a small quantity of water 
into contact with oxide of iron, or ferriferous combinations. Thus chloride 
of iron ia formed, which is aguin decomposed by the aqueous nipoorB, and, 
if the decomposition proceed slowly, the oxide of iron renmius behind in 
large crystalfi. 

In some vatcaoic eruptions, the conditions necessary far tbe formation of 
iron glance seem, indeed, to have been very fre<gtient, whilst in others Ifaey 
have been entirely wanting. It JB not only the lavas of Tfrniriiw, Aei-itaU 
in iSiei/j, and the rents in the lava of Stroaiboli, which contain distinct ory- 
Btala of iron-mica ; but it is also found in the greatest abundance id Auvergne, 
{Voluie, Mont d'Or, Png dt Dome, etc. . . . ). On tbe other hand, it has 
□ever been found by Niiggerath in the volcunic inassHS of the Bitbefgi^Tgt, 
the Laacher See, and the Ei/el: it has only lately been found that some of 
the slagBof thejioiierimr, an extinct volcano, about twoleagaes distant &oin 
Bonn, are scantily covered with iron-glance. Bee Tliomm der volkanische 
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t cannot be denied that there is some justness in these con- 
But it must be rcmcmhored, on the other hand, that 
premises are only taken from appearances at Vesuvim," 
,t the occurrence of common salt and muriatic acid in 
iducts and exhalations of volcanos, seems by no means 
e general. We have already quoted Boussingault's obser- 
I that muriatic acid is not evolved from the volcanoB 
r the equator in the New World. The hot springs in those 
s contain but little common salt.+ In my frequent ex- 
i in the vicinity of the Laacher See and in the E^l, I 
e never found any efflorescence of salt either on the imdis- 
1 or fresh broken lavas, and other products of the extinct 
ikters in those districts. On the uncovered walls of trass, in 
! BroM valley, efflorescences are, indeed, to be found, but 
? contain chlorides only as very subordinate ingredients.J 
J lixiviation of trass, basalt, and other volcanic rocks, also 
i but a trace of common salt.§ That muriatic acid must 
e played a very insignificant part in the eruptions of these 
ancient volcanos, seems to bo proved by the mineral springs 
which rise in their vicinity; for common salt is one of their 
least considerable components, indeed they frequently contain 
mere traces of it. This is the result of more than forty analyses 
of mineral springs in those regions, which I have undertaken 
during these .last few years. But these waters would extract 
the chlorides from the volcanic masses through which they ^ov, 
if they existed in any considerable quaptities in them, and would 
return impregnated with them to the surface. 

From all this we do not seem to be justified in considering 
the chlorides as the chief agents in volcanic phenomena, al- 

Roderberg-, &c, Bonu, 1835, p. 22. It is worthy of notice, and Bpeaka in 
favour of the probabiiity of tlie above-men tioned production of iroo-glanoe, 
that in tlie places last mentioned, tlie appearance of combinations of clllorina 
is very Lmited. 

' The observtttiona of Von Humboldt, Gay-Lussac, Von Buch, and Mon- 
ticelli, made at different times, shew also that the exhalatiana oT mu- 
riatic acid are very variable. They are sometimes so frequent as to snr- 
pasa Ihc exhalations of sulphurous acid, sometimes only a few traces of it 
are ibuad. 

+ LiKO fi't p. 181. t Die rulkaniEclieu Mii)er«,lquelloD, &f p. 213. 

y i Idem, p. 246 and 277. 
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though it i;auQot be denied that they may, in some instancM, 
ctMfpente id their production.* It has even been supposed 
that tht beds of rock-salt are of volcanic origin. But this 
proves nothing more than that rock-salt may have been raised 
from the interior of the earth by volcanic power, and that the 
beds uf salt are a consequence of volcanic action, hut not con- 
versely, that chlorides and the diKengageinent of muriatic acid 
are the cau»e uf that phenomenon 

Now, since neither any process of oxidation, nor processes IB 
which chlorides take an active part, are capable of affording a 
satisfactory explanation of volcanic phenomena, we can scarcely 
conceive any other powerful chemical priK'ess. which could akin* 
give rise to them. We may, tlierefore, look upon the hypo- 
thesis which seeks the cause of volcanic phenomena in intCDK 
chemical ai-tion as untenable. 



* Many voIcoiiDS huve produced couaideraUe quantities of commoii »lt, 
as, for inslance, Fmitinii, lltdn, (li^ Also sul-aromoniat is found amongtlw 
volcanic Bubtinationfl of Vrmrint and fliui, and almaat exclusively in some 
volcanos of the mterior of Aiaa, Vaaquelin found in a. porom rock,coii- 
■tUating n conaiderable part oS the Put/ de Samoitj/, !n the cbnia of Ae P*) 
dePSntt, 0.065 of murinlicaoii^ wliLuh ia irurtby of remarh ia oounectior 
the &equent occurreaceuf iron-glanct; lu that Deighhourhoixl. (Ajui.desHiUL 
vi. p. 90.) There are fclEpur crystals in the trachyte, coloured salphi 
jellow bj mnriiitie acid vapours uf a former time. Common salt alM 
forms tho chief ingredient in the thermal springs of St Neeuiire, in the de- 
portntmt Pitg de Doaui. In the mineral springs of Moat iPOr, FuAgr, Ck 
Aigtta, Volt, &c, on the contrary, it is in very small quantities. In ihe 
lavasoffinoO.Ol of innriatie acid haa been found. Inbaaalt, Eennedf fonnd 
0.01 ; Klaproth O.OOOl ; and I, 000086 of muriatic acid. I also found that 
acid in a steatitic Bubstance in the trachjte-couglomerate of the Si^tngMrji. 
See " Die vulcaniachen Mineralquelleu," p. 277. But this ocourrei 
miiiiatic acid, which may, perhaps, be found in many other volcanio 
productions, is far too iuconsiderabte for us to OKcribe to it any great put 
in the prodnclion of volcanic phenomena. Proust tells us that, accordii^ 
to Garicas Fernandez, the celebrated salt-mines at Pvai, uoiir Bunpt, in <M 
Qu(ii«, are situated in the centre of a crater, in which the latter celtecte^ 
various volcanic products. Joum. de Ph^. vol Iv. p. 457. 



Vokanog and EartkquiJeea. 

Up, XXn. — TAe kypothesU wAic/i tvppoget the temperature of HitM 
nrrease towards the centre, to a red and vAiW| 
tat, explains in a talufaeloiy manner (aeeordinff to theprenent ti 
Wi^geienee) volcanic phenomena as Kell a* eartkijiinkeg. 

L If the beat of the earth continually increases with the deptb, 
■e rocks must at a certain ilepth be in a state of fusion. But 
e they possess such various degrees of fusibility, the more 
s must be in a liquid state, at depths in which the 
B fusible ones are still solid. At certain depths there ntust^ 
msequently, be masses of melted rocks, enclosed in the solid 
I the same manner as iron ores are melted and reduced 
1 the less fusible masses of which blast furnaces or crucibles 
e composed. These depths must, according to the above hypo- 
is, be looked upon as the seat of volcanic action. The crys- 
■lline rocks are the most easy of fusion on account of their 
intaining alkalies, which indeed are not wanting in any of 
So that, iji general, the more abundantly alkaline mine- 
s felspar, mica, leucite, &c., are contained in volcanic 
sadily will they fuse.* 
Sir James Hall-f- has endeavoured to ascertain the degree of.| 
fusibility of various lavas and other volcanic rocks. Lavafrom 
Vesuvius of the year 1785, melted at 18° of Wedgewood's py- 
rometer, lava from Torre del Greco not till 40°. But ihei 
sibility varied very considerably, according as the melted lava 
had been cooled rapidly to a glass, or more slowly to a stony 
crystalline mass. Thus, for example, those two lavas, when in 
the form of a glass, both melted at the same degree (18°), whilst 
the lava of 1785 was less fusible than that of Torre del Greco, 
when of a stony nature.| From other appearances it may, 
n general, be concluded, that the fusibility of lavas is between 






4 
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' According to Von Bucli (AbhaniUiuigeu d. Kbnigl. Acad. d. "Wissen- 
u Berlin, 1818-1819, p. 62) it may be taken as a general rule, that 
' all real lavaa, irbieh Sow \a streams down tUe aides of volcanoa, contl 
gjaatj felspar. Veanniaa being tte only exception out of so tnouj is i 
worth mentiaalng. 
+ Transact, of the Hoy. Soc. of Edinburgh, vol. v. &u. 
X GlasH 19 well known to be acted upon in a Bimilar manner. When ci: 
erted, by being melted and slowly cooled again, into Beaumnr's porcelaiRt^ 
IB fliaible. 
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that of silver and copper, Thus in the law 
Torre del Greco, some gold and a few coppf 
unmelted ; but the silver coins were melted rf 
with some copper coins.' Davy found tlwifl 
j'j of an inch in diameter, and a silver-ivir 
thrust into the lava near its source, instntill^ i 
of copper ^ of an inch in diameter, which I li 
fused hasalt, flowing out from a furnace. 
But the basalt was doubtless heated far aba^ 
Now according to Daniel,* silver melts at 9 
at 2548° F. ; we may therefore take i 
(=1000° R.) for the melting point of lava. ^ 
Now, if we suppose the increase of tOB 
tinue to follow the same progression a 
accessible depths, the lava must be in a state] 
ing to the observations near Geneva and jT 
depth of about 113505 feet, and from thoe 
at about 126829 feet below the level of tbef 
or Eina.§ 

If we suppose steam to be the power by « 
raised from this enormous depth, and hy'V 
bombs, rapilli, and ashes are thrown up, i 
obwrvations hitherto made, water in its elaif 
be the only means by which the lavat 

" ThonipaoD : Notices of nn English Traveller, I 
la Caiiip., voL i. p. 279) mentions, tbat when bell-mei 
lava, the zinc melted out, leaving tlie copper bebsf^ 

t Annal. de Chim. et de Phys. voL xaxvi 

J Joum. of Science, i.tiii. 

S According to my ohservationn made on a cooling bi 
vcn inches diameter, and which I shall conununicate al 
(>f tempL'rature from the surface towBrds the centre 
take place, not in aji arithmetical, but in a geometrical ■ 
exponent of this progression being bat very little gl 
Biou comes vei'y near to an arithmetical one, 
being but insignificant in proportion to the diameter ei 
error baa been committed in supposing the ir 
an arithmetical progression as far na tbese depths. WiA 
can hardly hope ever to become acquainted with the to 
increase of the temperature to the interior. Therefore 
as the former, can but give approximations to (he tiw 

n Von Humboldt's Reise, t. i, p. 186. A short time ' 
lion of Vemriiu, in the year IflOa, he and Gay-Lan« 



BIcs,* are so raised ; it is yet a question whether its expan- 
Rg force could be sufficiently raised by heat ? Parrotf reckons 
^bt the temperature of lava, at the moment of its ejection, is 
me times as great as would be necessary to raise it 48000 feet 
mr the elastic force of steam, supposing the steam to be formed 
B the presence of water. But from more recent inquiries on 
Be elastic force of aqueous vapour, this calculation must un- 
Bs^go considerable corrections. The formula of Mayer, as al- 
Bped according to thelastresults of the experiments at Viennul 
Brresponds the most nearly with the elastic force of steam as 
Rtually observed, so that it may be considered as the most cor- 
Kct determination of its elasticity at higher temperatures. If 
me wish to find the pressure of the steam in Paris inches of a 
Biumn of mercury from this formula, we shall have ■ 

I loge^ 2.8316686 + log (213+0-^, ■ 

m which t is the temperature in degrees of Heauniur = _ f 8 ■ 

■BC7 vapour.'^ iu the interioi' of tlie cmtcr did not redden litmus. Many 
Bther naturalistB have also found ihat the outk'ts of suidkc of the Pwit of 
fcnerife emitted pure water only. Voj. de I^a Peyrousevt. iil, p. 2. Hoffmann, 
mx his letter to Von Buch on the geognostical structure of the lApari Uanili, 
VI Foggendorff'e Anual. vol. xxvi, p. Sand 46, and in several places in his ao- 
Mtnuit of the volcanic island vrhicli roae in the Mediterranean Bca, vol. xxiv, 
Jf. 65. According to Monticelli andCovelli, the smoke whicli rises from the 
4ftTa-etreamB consist almost oxclusively of aqueous vapour. Loco cit, p. 27, 
jB5, and S3. Numerous fumaroles (exLalationa of aqueous vapour) rise on 
Bie island of Ii^h'm out of the cracks iu the lava. Forbes in Edinb. 
Houm. of Science, N. S. iv, p. 336. Reinwardt, Verhandlingen van het 
ffiataviaosch genootsthap van Kunsten en Wetenachapen, uegende deel, 
nmtavia 1R23, p. I. Ordinaire mentions, in his "Histoire Naturolle des Vol- 
nme," a mass of melting iron having been cast to a height of 1 50 feet, out 
Ka blast furnace, by some water having accidentally got into it. BeeD'Au- 
kiiggon, Traits de Geognosie, v. i, p. 216. 

I * 'Ilie water contained in basalt speaks in favour of this opinion. See 
Klaproth's Beitrage, &c., vol. iii, p. 249, and Kennedy in Appendix to the 
Mme, p. 866. On melting l>asalt, and introducing a gun-barrel into the cm- 
TOble, I observed a considerable evolution of aqneous vapour. 
r t Grundriss der Physik der Erde und Geologie. Riga a. Leipzig, 181S, 
ip.S64 

t Arzberger in the Jahrbiichem des Polytechnischen Instituta, voi. ' 
IP- >^- 

% On steam and steam-engines in the Abhandliingen der Kiinigl. tech- 
IMiBchen DepQtation Tur Gewerbe, part i, p. 344. 
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It is clear that the elastic force of steam cannot surp 
cert&in niaximuin, which it reaches when its density is equal b> 
that of water. This is tlie case when the elasticity uf the va- 
pour c = 23S95S Pariii inches of mercury, or nearly 83S0 atnio- 
spheres, which flupposea a temperature uf 2786° F.' 

Thus, if aigueous vapour were to reach its greatest posable 
elasticity, its temperature niUHt exceeti tijat above assumed for 
the melting point of lava by 501° F. The highest column of 
lava, which steam at its maximum elasticity is capable of sup- 
porting, is, therefore, if we suppose the specific gravity of liquid 
lava three times as great as that of water, 887 il feet. But a tem- 
perature of 2786° F. will, according to tlie observations at Gt- 
neva and in Cornwall, be met with at a depth of 139965 feet, 
and according to those in the Ersgebirge, at a depth of 155613 
feet (about thirty English miles) beluw the level of the sea 
near Vemtxrius or Etna.'f 

Supposing, then, the values found for the maximum 
elasticity of steam for the corresponding temperature, and for 
the depth at which that temperature must exist, to be correct, 
it would not be possible, that a column of lava, of the whole 
height, from the seat uf the volcano^ to the surface of ^ 
earth, should be raised up. On the other hand, iu the 
manner as a bubble of air let into a barometer, drives the 
mercury into the Torricellian vacuum far above the barome- 
tric height, aqueous vapour may raise a column of lava of 
a height equal to its expansive force into the channels o^ea- 
ing into the craters. Thus, then, it may happen that aqueous 
vapour, though far from its maximum elasticity, may yet 
be able to raise a column of lava equal in height to its elas- 
ticity from still greater depths to the surface of the earth. 
A continual alternation of columns of lava and steam in 
the channels may be very well conceived, the consequence of 
which would be an alternate ejection of lavas, red hot masses. 



* On fileam and steuin-eDgineB in t,L<^ Abliandlungen der I 
oiachen Deputation fiir Gc-'werbo, pnjt i. 344. 
+ Supposing the mean temperature of thii locality = 61° P, 
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^Kd clouds of Bteatn, just as Spall an zani,* Scrope,-f- and Hoff- 
^■bdd,:^ observed on Strombdi. 

^B We have now to examine the circumstances under which 
^■iter might find its way to the origin of volcanic action. The 
^■fiicuUies which present themselves when we suppose a direct 
^■nnmunication between the sea and the seat of the volcftnOs, 
^KVe already been discussed by Gay-Lufisac. We shall make i 
^■k attempt to solve these difficulties. I 

^B If we imagine the sea to have free access by means of fls- 
^Mres to the seat of the volcanos, the depth of which, according 
^^ the above calciJation, inay be laken at from 113505 to 
^R68S9 feet, the elastic force of steam at that depth, where 
^Kc:SS8S°F., will be = 5310 atmospheres. But the hydrostatic 
^■ressure of these columns of water is only from 3547 to 3963 
^■jmospheres. The expansive force of steam at that depth in 
HBuch the temperature is 2^82" F. is, therefore, greater than 
Hpe hydrostatic pressure opposed to it, so that the latter can- 
not resist it. But since, as the temperature decreases, this 
expansive power diminishes more rapidly than the hydrostatic 
pressure, there must be a certain depth and a corresponding 
temperature in which they will be in equilibrium. For a con- 
stant increase of temperature of 1° F. in 51 ft,, this point will be 
at the depth oi 88044 ft. below the surface of the sea, where 



Pf Vojag.t. ii.p.21. 
f Consiilerationa on Volcanoa, 6lc. p. 64. A pheaomenoii uhserved bj 
Sorope during the night in the cnilei' o( StroiiAiili distinctlj shows, that, by 
the totce of aqueous vapours alone, the column of lava is raised. The lava 
oaee suddenly disappeared in the depth of the crater ; on the contrary, in- 
namerable little colunuis of steam appeared at tbe edges of the mouth of 
the crater, which aroae with a hieBuig nuise. Tliia lasted for some mioutea, 
when the melted ma£s rose again from beneath, and the pheuomenoa 
pursaed again its ordinary course. Spallanzani remarks veiy jnstly with a. 
view to this, that the compressed vapours prevented Irom being disijharged 
by the sinking lava which bad become tenacious on the surlace, will now es- 
cape laterally through the fissures lu the walls of the edge of the crater, and 
in this case Che lava cannot be elevated by theiii. It ia not until the lava haa' 
been sufficiently heated and become again liquid, that the vapour can risa 
again with the lava, and that the phenomenon can be re-established. 

X Loco uit. p. 9.— D. Curbeto also observed that a dense smoke olway* 
followed the streams of lava which were ejected on the 7th June 1731, 
Von Buch in the Abhaodl. d. Berliner Acad, of I81B-1819, p. 77. 
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the lemprrnlurc is 1754.5 F. ;' for, ncconding to the abo?e 
formula, if t be taken equal to 1754" J, e =■ 77028 inches of 
aot^umnof mercury, or lliLil = 2751 atmospheres, and ~^ 
gtTcs the same number- On the other hand, for a constant in- 
crease of temperature of 1 F. in 57.1 ft it advances to a depth 
of 1056S7 ft. below (he surface of the sea, where the corres- 
ponding temperature would be 1S81-5F.;* for the same for- 
mula gives t = 924S5 inches of a column of mercury, or • 
atmosphereSi, when i = 1881°.5, and ' ■^ ^''' gives the : 
value. Presupposing the correctness of the premises, the* 
calculations shew the possibility of columns of lava <^ - 
= 29S48 and UiAlU = S5209 ft. being raised by the power rf 
steam from the respective depths of 88044 and 105687 ft. be- 
low the surface of the sea, whilst there is an uninterrupted 
cmnmunicatiou between the sea and the volcanic focus. The 
difficult]r mentioned by Gay-Lussac, that the water would, 
under its own pressure, take the gaseous form before reaching 
the strata, which are at a white heat ; without being able to raise 
the lavas, to cause earthquakes, and to support the volcunic phe- 
nomena ; is consequentiv also set aside, in so far that the water 
cannot assume the form of gas under its own pressure before 
reaching those depths and their corresponding temperatures. 
At depths greater than 88044 or 105697 ft. below the aur- 
fiwe of the sea, if the coniinimication with the sea remain- 
ed free, a reaction would take place in the column of water. 
Perhaps the jihenumena mentioned in chap, xi, on Hot and 
Mineral Springs, and obsened by Homer near the KurUe 
• the powerful stream of hot steam, ob- 
m near Fuilcfliio.f beneath the surface of 
t the same place where the crater of the cone 
formerly thrown up at this spot was situated, proceeds from a 
similar volcanic effervescence. In general the rising of smoke 
from the sea during the eruptions of neighbouring vok-anos is 
by no means an uncommon occurrence, t The reflux and the 



Islands, as well i 
served by Hoffmai 
the sea, probably a 



* To siiaplU; (he calculation, I huve supposed the mean temperature *f 
the surface = 32° F. 
t Loco cit. p. 67. 
t D. CTorbeto (Vou Bucb loco cit. p. 78} observed a ^real quaulilj' uf smoke 



Volcanos and Earthquakes. 215 

■tema! agitation of the sea is also a forerunner of almost all 
luptions, especially of those of Vesumus. 
But if a reaction should take place in the column of water, 
yet the rising vapour would soon be so far cooled down as to 
become liquid again, without the expansive force of the enor- 
;fnous quantities of vapour formed at the volcanic focus being 
tbereby perceptibly diminished. In addition to this, the hy- 
draulic resistance in the narrow chaimels, through which tHb 
water is admitted, increases very considerably as its velocity 
becomes greater. But the column of water, by which the 
aqueous vapour is cut off from communication with the surface, 
acquires very great velocity in those narrow channels, from the 
lenormously increased elastic force of the steam, by which the 
resistance may very easily be increased to the extent of much 
more than 1000 atmospheres. So that, notwithstanding that 
the expansive force of steam whose temperature exceeds 1754° 
or 1881° F. is greater than the hydrostatic pressure of the 
column of confining water, yet this resistance may suffice, in 
the manner just mentioned, to raise a column of lava, of even 
a greater height than we have above reckoned, to the summit 
of the volcano. If we may be allowed to make a comparison 
with an analogous phenomenon, it may be remembered that the 
touchhole of a cannon, or of a bore-hole in a mine, does not 
weaken much the action of the powder, although the proportion 
of the diameter of the touchhole to that of the mouth of the 
cannon is as 1 : 30,* If Perkins's well known observation, f 

md flames (!) accontpanied nith CremendouB datontLtions, rise ttnta th« a»a 
Lamxititc, during the volcuntc eruption on that island. Fiah and pieces 
imice were Been floating about. Several ejiamplea of this sort are 
cited farther on, 

>nt even when the tonchhole bMOtnes conBiderably widened bj fre- 
quent use, the cannon ia atiU of service, althougli, indeed, its power is Bome- 
wllat diminished. Yet the force with whiuh the powder projects the ball 
is eqtial to about 2200 atmoapherea, in which the losa occasioned in the ab- 
Bolnte espansive force of the powder by the touchhole, &e. ia already 
allowed for. Muncke in Gehlera Phyeilial. Worterbiich, new edition, t. I . 
P- 713. 

+ Quarterly Journ, of 8c. JqIj to Dee. 1827, p. <71, and Annul, de Chim. 
et de PhjB. xxxvi, p. 43B. See also Muncke in PoggoudoriFs Ann. vol. xiii, 
p. 344, and Buff in the same, vol. XXV, p, SDI. 
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I History of 

fissures in the rocks,* by which the waters are admitted 
other places. But in doing so, it may frequently happen thai 
these fissures do not communicate with the channels by which 
the water is admitted, and that the volcanic action is con^ 
quently for a time suspended, but that on its reTiTal the 
slightest shock is sufficieni to break through the walls, and 
thua to reopen the communi cation. f This may even be caused 
by the expansion of the cooled walls of the focus by the beit 
communicated to them from all side^ ; in the same manner as 1 
small crack in a crucible increases when exposed to a red heat 
The more the temperature of the lava is reduced by the 
water and the generation of the steam, the longer will be the time 
reijuired for the refusion of the solidified lava. In this manner 
a long period may elapse, as the lava is so very bad a conduc- 
tor of heat.t The repose and activity of a volcano are, therefore, 
the alternate solidification and liquefaction of the lava, and the 
intemiption and renewal of the supply of water to the volcaiiii: 
focus. {1 If the store of lava in the volcanic focus should at 
first become exhausted by repeated discharges, the volcano ii 
entirely reduced to a state of rest, or at least until it receives i 

portion as the elastii^itj' of the vapoura dirainisli, tho subatances will be 
thrown to a less diHtuntt", so that tho black rapilli, which are the firat eject- 
ed after the luva has ceased to tlow, will bo caat farther ttuui the while 
ones. Von Humboldt's Reine, t, i. p. 94B. 

■ It is well known that considerable Gsaiires are formed in lava dnriig 
its cooling, especially when it is on the euriace of the earth. The streanj 
of lava in the country surrounding the Loachep-Sct, offer many instances trf 
this bind. HamiltoD also mentions great tissures iu the lava^lreams of 
Vaiitwa. Gilbert's AnnaL t. vi, p. 23. See also Neeker, loco cit. 

+ We may here notice the well-known phenomenon, that among the 
Bjected masses from a volcano, pi eoes of rock occur, which neither belong tfl 
the Hubstances composing the edge of the volcanic cone, nor to those found in 
the vicinity, and therefore mnst be derived from masses concealed very ixef 
nnder the volcano. T'tmH^im particularly, fumiahes remarkable instaiices 
of this kind. Such ejected masses, however, are now found much wore 
rarely than formerly on this or other volcanos, from whicl it seems to 
follow, that the channels of the ejections have been by degrees widened. 

t Monticelli and Covelli, loco cit. p. 16 and 39. 

II Experiments hitherto made shew, that long Bpaces of time are reqni- 
sito to produce the strongieet effects, viz. the elevation of lava to tho gre»t 
est height. Von Humboldt (Beiae, &c. t. i. p. 261 .) calls our attention to the 
circuraBtaace, that long intervals of quiescence seem to characterize the 
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lupply of lava from a distance. If the afflux of water be 
»ot interrupted, the exhalations of vapour may still continue, 
which we have already mentioned several instances. 
We may next consider how lava may be elevated from the 
I depth of a volcanic focus. The hypothesis, which ascribes 
I Volcanic phenomena to the, central heat, supposes that melted 
I matters exist at a certain depth. In adopting this opinion, we 
I need not assume that lava is produced by the melting of solid 
I rocks, but on the contrary, that melted matters have existed 
I since the creation of the world. -j- In the annexed diagram 
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very high voleanos. The stnalleat of all, StrimMi, La nearly always in ac- 
tivity. The eruptions of Vcsativs are less frequent, although they are still 
nore so than those of Etni and the Peak of Tentrigi. During the quiescence 
«f the latter, from 1706 to VJSS, sixteon oruptiuna of the former tuuk place. 
From the colossal suuunits of the Auda, Cott^cai and Tavgatahua, an erup- 
tion is observed scarcely once in a century. We may venture to state, 
that the frequency of the eruptions of active voleanos is inversely as their 
-limght and mass. After these general remarks, we may mention the cir- 
^cmnstance that large lava E^treams, namely, sucti as issue fi-om Etna and 
V«5«riii^ never flow from the crater itself, aud that the quantity of the 
melted matters is commonly inversely as the height of the fissures from 
vAich the lava issues. But a lateral eruption of these two last-mentioned 
volcuioB always terminates by an emission of the ashes from the crater, 
that is, from the summit of the mountain itself. This pheuomenun has not 
been seen on the Peak of Tevenfs these kst hundred years. The crater was 
most inactive during the emption in the year 1798. Its basis did not sink, 
whilst the greater or less depth of the erater of VBtaiiia, according to tho 
Bcute remark of Von Bueh, is an almoHt infallible sign of an impending 
fresh eruption. Von Humbolilt, p. 2SS. AU this shews that the conditions 
requisite for producing the greatest effect, viz. for producing the highest 
degree of the increased elasticity of the watery vapours, arc not always 
present. 

i* On this auppoEtition, we assume tlint no itasalt has been produced by 
the repeated melting of any known rock- Leouhard's Basall Gebilde 
&c. Btuttgart, 1932, t. i. p. Sli.'t. 
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AB represents the boundary betweeu tbe solid cruitt oF tk 
earth and the melted nialtera in the interior of the earth ; CQ 
represents s wide rent, exhibitinf; a comniunication from the 
Hurface to the melted matters ; EF, GH, IK, LM, &c. are 
narrow renttt conducting water from the Hea or subterraneui 
collection of water to the heated interior;* and F, H, K, H 
may be caverns in the sohd crust, formed during the coDaotl- 
dation nf the originally fluid matters of a former period. Un- 
der these circumstances it may easily he conceived, that water 
penetrating into the above-mentioned rents and caverns is nm- 
verted into steam, which, by pressing on the melted matters, 
causes them to rise through the rent CD. If the lower opening 
in the wide rent at D be on the same Level as the whole bound- 
ary between the solid rocks and the melted matters, small 
quantities of these only will be raised upwards, for the surface 
of the melted matters will soon sink below the opening of the 
rent at D, and steam will rise. Thus the elevation of a column 
of lava to a considerable height by a coliunn of steam will take 
place. Hut if the lower opening of the rent CD descends more 
or less below the surface of tbe melted matters, considerable 
quantities of these will rise into it before this surface sinks be- 
low the opening. The same may take place if, betwe«i the 
opening of the rent CD and the other rents (those down which 
water flows from the surface), ridges of solid rock reach down- 
wards from the solid crust into the fluid mass. 

Such ridges may be viewed as occasioned by gradual solidi- 
flcation of the fluid mass from abovi' downwards, for it is well 
known that melted matters, if they crystallize by cooling, exhi- 
bit on their under surface considerable inequalities ; and the 
consolidation of the melted matters in the interior of tbe eartb 
is assuredly produced by crystallization. 

There is another circumstance which may cause a continuatron 
of the rent CD into the melted inatteis. After the rising of 
the lava and steam in this rent, the walls of it are cooled by 
the formation of steam, and by the atmospheric air having « 
ready access to the empty channel. Therefore these walls 



• Water will naturally also penetrate intt 
ae it IS not able to fill up tlie rent, it cannot < 
neath, and the latter will therefore escape. 



wide rent, but, inasmnch 
e tlie steam generated be- 



ly graclualty increase by the solidifying of the meUed mat- 
's; nay, the rent may be entirely solidified and obstructed, 
that it can only now be re-opened by the force of steam pre- 
lua to a new eruption taking place. If even immense quan- 
Sties of lava are ejecteil by the steam, yet the level of the inelt- 
I matters in the interior may be but slightly changed, for 
the same manner, as all seas on the surface of the earth 
immunicate together, so the melted matter in the interior does 
;he same. However, more or less time may elapse, before the 
melted matter which has sunk at one place in consequence of 
^ection, can regain its former level by the alHux of other melt- 
vd matters from a distance. I'herefore the repose and ac- 
tivity of a volcano, besides depending on the interruption 
and renewal of the supply of water to the volcanic focus, may 
also proceed from the alternate obstruction and re-opening of 
the lava channel by the melted matters. In the latter case, in 
Ihe state of rest, exhalations of steam will take place, inasmuch 
water penetrates continually to the volcanic focus. 
But if the afflux of water be interrupted by an obstruction 
of the water-ducts, and if none of the above-mentioned causes 
be capable of restoring the communication ; or if, during the 
repose of the volcano, the lava-ducts become so obstructed by 
consolidation, that the steam cannot force its way through 
ihem, a volcano may reach a state of perpetual repose. Such 
causes may have effected the extinction of the volcanic activity 
of the numerous extinct volcanos distributed throughout the 
globe. If this took place at a former period, when the thick- 
ness of the crust of the earth was still increasing considerably, 
in consequence of the gradually cooling of the earth, and as 
this process is still going on, there is no probability that such 
extinct volcanos will at any time become again active. 

If volcanos, for instance Etna, are considerably elevated 
above the surface of the earth, it commonly happens that the 
walla of the lava-channels cannot resist the pressure of the 
melted matter in their interior. In this case rents are formed 
from which the lava issues. Such rents are always seen in the 
direction of the axis of the volcanic cone,* and their extent is 
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often very considerable. A rait of this deacription produced by 
one of the moat violent eruptions of Etna, viz, that of the llch 
May 1669, was 2^ German miles in length, and fx:cupied al- 
most ondhird of its height. Scrope* saw distinct traces of it 
near Nicoltui §o lat« as the year 1819. Even the rent formed' 
during the eruption in 1794 on the deeliviiy of Vesuvius, to- 
wards Torre dd Greco, was, according to Von Buch, 3O00 
feet in length, and according to Breidak 237 feet in breadth 
at its upper edge. 

Other voleanos aUbrd instances of the formation of rents 
and hills. Thus during the most violent eruption of Scaptar 
Jokttl on Iceland in 1783, a rent eight English miles in length 
was formed in a plain at the foot of the mountain. Three 
craters, from which immense quantities of lava flowed out, rose 
in the direction of the rent, and afterwards a fourth appeared 
below the sea in the same direction, and at a distance of thirty 
miles, the eruption of which formed an island, which afterwards 
disappeared again. + Similar phenomena took place in the 
same year in the island of Java. And Von Buchif infinins 
us, that in the island of Laucerotey during the eruption in the 
year 1730, a rent was formed above two German miles in length, 
on which about twelve conical hills rose, whose summits woe 
from 600 to HOG feet in height. 

In like manner basaltic cones, (also porphyridc and granitic 
hills) are often seen, which are situated in a line, and of which 
two or more are connected by rents, which are filled up bj 
basalt. Remarkable phenomena of this kiiid are seen near 
Murol in Juverfftie.^ 

It seems surprising that the same kinds of lava are not alwuvs 
ejected from voleanos. Von Buch {| ilistinguished on Vcsitvhis 
alone eighteen distinct principal kinds of lava ; and old and new 
lavas of Etnn also differ in their characters. The lavas of neigh- 
bouring voleanos are often very different from each other. In 
like manner, unstratified rocks of very different natures are 

* ConsidcmlioDS, p. 168. + Ibid, p. IM. 

t Leonhard's ToscheubucL, IS24, t. ii. p. 430. 
g LennhiLrd'a Basalt Gcbilde, t. i. p. 408. 
I] Beoba<:htiiDgeii, &C. t. ii. p. 174. 
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met with close to each otlicr.* The Siebengfbirge, near 
, offer reinavkabie instances of this kind. There, trachytes, 
ij'te tuffs, basalts, and basalt tuffs, are met with dose 
lach other. Basalt dykes traverse the trachyte and the 
rhyte tuffs, and volcanic scorise occur on the Roderberg, 
isite to the Siebengehirge, on the left bank of the Rhine. 
'ever different all ihese rocks are, yet they seem to lead 
the conclusion ihat their origin has been from the very 
materials ; for, notwithstanding this difference in their na- 
it would be easy to form in the Slebengeb'irgc a gradation 
a white trachyte to a compact black basall.-f- On the other 
, there is every reason to suppose that the nature of the 
melted matters in the interior is different in different places, 
If, therefore, after the ejections of melted matters existing in a 
particular spot, new eruptions will take place only when such 
matters flow from remote places towards this spot, we can hence 
easily conceive how different lavas may be ejected at different 
times. In the Siebengebirge, as well as in other places where 
unstratified or volcanic rocks occur, many instances are exhilijt- 
ed, which indicate that these rocks are of very different ages.} 

If the activity of a volcano ceases, but the channels by which 
the waters enter remain open, the volcanic action may be re- 
placed by hot springs. § In this case it is easy to conceive 
that the meteoric waters, continually sinking into the hot Jnte- 
)r, would there assume the surrounding high temperature, and 
« again to the surface with a temperature, diminished propor- 
)nally to the decrease of pressure, either through the former 



' The Ibtbs of VeasrUi), of the Sulfatara, of Iichia, and of Elaa, are qaita 
different in their nature, 

t See Leonard Homer on the Geology of the Environs of Bono, in the 
Transactions of the Geological Society, vol. iv., ad Ser, p. 438. Von Bucli 
states that in several places in the neighbourhood of ClenBoia and Bug da 
Dome, a transition from granite into trachyte may be traced, and thus to 
have the gradation extended from granite to basalt. 

t L. Homer, 1. e. p. 4R1. 

§ Von Buch, loco cit. p. G5. A remark of some inlei-est in tracing the 

conneiition of hot springs with volcanic phenomena is made by Burkart, 

loco cit. vol. i. p. 316, viz. that the boiling hot springs in the valley of Fata 

are situated on n line, running from eaut to west, parallel lo the general Una 

^rf volcanoii in Mftieo. 
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lava -channels, at other Kssures mure recently opened.* But ii 
at that depth, ihe hydrosutic pressure be greater than the el«»- 
lic force, which the waler has lliere acquired, no steam will be ^ 
f^nerated in the whole course ol (lie spring ; hut, in the con- 
trary caiw, from the lowest point up la thi; point where the elas- 
tic force becomes (greater than the hydrostalic preBsure, the wa- 
ter will escape in the form of a vapour. However high the 
temperature of the water may beat the lowest point of its course, 
whether in tlie liquid or in the gaseous stale, yet, when it 
reaches the surface, it cannot exceed the boiling point. The 
reason of springs but seldom attaining even this maximum may 
be either the loss of heal communicated to the superior strata of 
the earth, or that they meet with streams of gas, (carbonic acid, 
or sulphureted hydrcigen), which, even if possessed of a very 
high temperature, wilUause a depression of their temperature, as 
is proved by experiments cited in Chap. II. p. 8. The pniduclion 
of hotsprings, according to the last species ot" volcanic action, may, 
however, he ihus imagined; that the water which descends to 
the volcanic focus is there converted into steam, which, rising 
through fissures into higher regions, meets with atmospheric wa- 
ters which it warms, and with them returns to the surface.J 
The course of hot springs produced in this manner can, there- 
fore, occur only at inconsiderable depths below the surface. 
Lastly, it may hap|>en that the lava last raised did not escape 
from the crater or its lateral openings, but became solid on its 



* Von Humboldt is also of opiniou, Reise, &c. t. L ji. 187 and 188, that 
the vapour which rises trom the " NarUa dd Pico" an they lire culled, and 
from the rents m the crater of Teiier^e, is nothing bnt atmospherical water 
which has penetrated hy infiltration. 

t According to M. Arago, the hottest Bpriti^r in E«rope unconnected witl) 
modem volcanic action ia that of Chau^aaigves in Aaetrgne, whose tempera- 
ture he quotes at 17B°Fahr. Annuaire du Bureau des Longitu ilea, 1836. 
The next hottest to this bcbius to be Thiui, in Ihe Pgrtnae, whose tempera- 
tnre ia, according to Professor Forbes, 171. °5 Fahr. PhO. Trans, t. ii. p. W>3, 
fur 1826. Forbes beliiives, p. 610,thcliathsof i^rin>,n»ari\ra^«i,thehottefit 
spring on the Continent of Esro/ie, which is connected mtb modem volca- 
nic action, the temperatun? being 182.°2 Falir. 

J Perhaps the numerous hot minerul springs which rise at the foot of the 
still Fjmokiug mass of rocks on Panteliaria, an well an the nnmerous hot aul- 
phnreons springs in the vicinity of Snioww, in Sicily, have a similar oripa, 
Hoffman, 1. c. 
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y ODwards, and thus stopped up the channels. If, in this 
case, water should descend tlirnugh rents into this still ex- 
tremely hot iava, hot springs would also thus be produced, sup- 
posing a communication between these and other rents which lead 
to the surface at a lower level ; but these springs will decrease in 
temperature by degrees as tlie iava gradually cools, till they 
reach that degree which naturally belongs to the place where 
the lava is situated. However, we have already proved by ex- 
periments formerly mentioned, and calculations founded upon 
them, that, if such masses of heated lava be ol considerable ex- 
tent, a very long period may elapse before the decrease in the 
temperature of the springs will be even perceptible, • On the 
other hand, there are examples of a very rapid decrease in the 
temperature of hot springs in the neighbourhood of volcanos 
recendy Ijecome extinct. Thus, the temperature of the hot 
springs on Jorullo decreased 40^6 F. in 24 years, between 
the visilB of Von Humlwldt and Burkart.f The tempera- 
ture of the mixture of gases which issues from the rents in the 
Pass of Quindiu, near the Moral, in the Quebrada del Azufral, 
decreased from 1801 to 1827, according to the observations of 
Von Humboldt and Boussingault, from 118° to iiQ'i.l If, 
instead of (his gas, a mineral spring had flowed at this place, it 
vrould, doubtless, have suffered a similar diminution of tempe. 
rature. Boussingault mentions, on the other band, that, in a 
a period of twenty-three years, the temperature of the hot 
springs of Mariana and La* Trmcheraa rose several degrees. 
According to the observations of Hamiltoi), Delia Torre, 
Abbe Soulavie, Von Humboldt, and Forbes, the hot spring 
named La Pisciarella, which rises near Naples, from tlie exte- 
rior of the cone of the Solfatara, is subject lo extraordinary al- 
ternations in its temperature, from 101° F. to 199°4 F.§ 
But even in very short periods striking difi'ereuces are some- 

' Die vulkanificlien MineralqueUeD, &c. p. 150.— I liave calculated, 
that, under the circumatant^s there mentionGcl, a moss of nielling basalt, 
oquol in size to ona-third of the Domiersbcrg, near MiRetdiati, in B'^iaaia, 
wonld be siiffitient to have heated all the water which has issued from 
the whole number of springa at ChtUkicI aliice (he time of Adam. 

+ Burkart, loco oit. t. i, p. 220. 

1 Poggendorffa AnnaL t. iviii. p. 3S3, 

i Forbefi, loco cit. p. Gl I. 
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timea found. Thus Forster* asserts, ihat in llie neighbourhood 
of Tanna,a volcano on one of the Xno Hebrides, llie hot springs 
vary several degrees in temperature from one day to the other. 

There is not, perhaps, a more striking example of the ioti- 
mate connexion existing between volcanic phenomena and hot 
springs than in Iceland. As the volcanic eruptions are there 
confined to the district of the trachyte- form at ion, so also are the 
principal mineral springs only found in this formation ;+ from 
which it seems natural to infer, that it is one and the »ame pro- 
cess acting in both cases, but in a difTerent manner,^ 

The hot springs in this volcanic island confirm Krug Von 
Nidda's system of classing thermal springs — namely, 1. twh 
as are constantly Jmiibling and boiling up — permanent ther- 
vials ; S. tftose in which this ebullition only lakes place at par- 
ticular periods, and which are perfectly tranquil duriiig the re- 
maining time — intermitting thermals; and, 3. those if hose sur- 
Jace is always undisturbed, and in which no bubbling or boiling 
ever takes place. The springs of the first class always have a 
temperature at the surface equal to that of boiling water under 
the usual atmospheric pressure. Those of the second class only 
reach the boiling point during their temporary ebullition, and 
lose considerably in temperature during their period of rest 
The springs of the third class never reach the boiling point of 
water. 

The moat famous of the intermittent springs is the Great 
Geyser. At the time when Krug Von Nidda visited it, it pre- 
sented two different kinds of eruption. The smaller ones were 
repeated regularly every two hours ; and the water was thrown 
only from fifteen to twenty feet high. The greater ones suc- 
ceeded each other at intervals of from twenty-four to thirty 
hours ; in these cases, the masses of steam ascended to the 
clouds, and the water spouteil to a height of ninety feet, l-'or 
two hours after one of the smaller eruptions, during which 
time there were no traces of action, and only thin clouds of 

* Jonrii. de Phya. 1779, p.434. 

t All the IiolfipringBof J/fjicDolso risp out of Inithyiponrt tlolerilp rocka. 
Burkart, p. 363. 

t Krug Von Nidda on the mineral springs of IceUind, p. 272, in KarstCD'a 
Archiv, t. ii, p. SI?, and in Jameson's Phil. Journal, voL ixii. p. 80 and 230. 
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»m were formed at the surface, the temperature of the water 

Was 194° F., which was reduced still lower by the evaporation. 

1 dull rumbling noise within, the water suddenly began 

9 boil up again, the basin was filled till it flowed over, immense 
Bubbles of steam burst from the funnel-shaped opening, and 

rojected the water to a height of about twenty feet, Imme. 
Siately after the eruption, when tranquillity was completely 

BBtored, the water was at the boiling point, but its tempera- 
I'ture soon fell below that degree. 

The Strokr, the eruptions of which almost exceed in gran- 
deur those of the Great Geyser, has this peculiarity, that it is 
at the same time a permanent and an intermittent thermal 
spring. It shews itself to be permanent by its incessant ebul- 
lition, and intermittent by the tremendous eruptions which 
seem to be repeated at intervals of from two to three days. 

No doubt can be entertained respecting the nature of the 
agent by which the waters of the Geyser, the Strokr, and other 
less considerable spiings, are thrown to such an immense 

(eight. It is, as in volcanos, a gaseous body, principally 

iqueous vapour. We may, therefore, very fairly agree with 
Krug Von Nidda, and consider volcanos in the same light aff 
intermittent springs, with this difference only, that instead oil 
"water they throw out melted matters. 

He takes it for granted that these hot springs derive their 
temperature from aqueous vapours rising from below. When 
these vapours are able to rise freely in a continued column, 
the water at the different depths must have a constant tempera- 
ture, equal to that at which water would boil under the pres- 
; existing at the respective depths. Hence the constant 
■ebullition of the permanent springs, and their boiling heat. If, 

3 the other hand, the vapours be prevented, by the compli- 
,i»ted windings of its channels, from rising to the surface 
for example, they be arrested in caverns, the temperature 
(he upper layers of water must necessarily sink, because a larj 
Quantity of it is lost by evaporation at the surface, which cannot 
be replaced from below. And any circulation of the layers of 
water at different temperatures, by reason of their unequal spe- 
cific gravities, seems to be very much interrupted by the nar- 
rowness and sinuosity of the passage. The intermitting sprinj 
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of Iceland are probably caused by the existence of caverns, in 
which the vapour is retained by the pressure of the columo of 
water in the channel which leads to the surface. Here this 
vapour collects^ and presses the water in the cavern downwards 
until its elastic force becomes sufficiently great to effect a pass- 
age through the column of water which confines it. The vio- 
lent escape of the vapour causes the thunder-like subterranefln 
sound, and tlie trembling of the earth, which ])recede each 
eruption. The vapours do not appear at the surface till thejr 
have heated the water to their own temperature. When so 
much vapour has escaped that the expansive force of that 
which remains has become less than the pressure of the con- 
fining column of water, tranquillity is restored, and this lasts 
until such a quantity of vapour is again collected as to produce 
a fresh eruption. The spouting of the spring is, therefore, re- 
peated at intervals, depending upon the capacity of the cavern, 
the height of the column of water, and the heat generated be- 
low.* 

The two distinct classes of eruption in the Geyser^ which we 
have already mentioned, seem to be attributable to two diffe- 
rent cavities. A smaller cavity fills quicker, and, therefore, 
empties itself more frequently ; a larger one fills slower, empties 
itself seldomer, but with greater violence. But the playing of 
the Geyser^ the Strokr^ and some others, is subject to very great 

* The eruptions of the Geyser and the Strokr, as observed by Krug Von 
Nidda, agree exactly with his explanation of the action of the intermitting 
springs of Iceland. A thick column of smoke suddenly burst out of the 
latter, and rose to the clouds. The water was hurled with terrific violence 
out of the crater, and mixed like a fine mist with the rest of the column to 
a considerable height. From time to time thin streams of water were seen 
shooting in a vertical or oblique direction through the column of smokej 
sometimes rising to a height of a hundred feet and upwards. Large stones, 
which had been previously thrown in, were flung almost out of sight, and 
many so perfectly vertically that they fell down again into the crater, and 
were again thrown up into the air, like a juggler's ball. The whole of tb^ 
water was thrown out at the beginning ; and afterwards, the colimin wliicJ* 
ascended from the opening, was composed only of steam, which rushed o^* 
with a whistling and hissing noise, and rose with incredible velocity in*'* 
the clouds. It continued for three quarters of an hour in this state ofBC^^'^' 
vity. It then again became quiescent, except that the water, deep in iW^ 
tube, continued, as usual, to boil violently. 
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■rariations. Channels may become- stopped by the incrusting 

Iproperty of the water. During tbe frequent shocks which ac- 

■company the greater eruptions, lionie cavities may fall in, and 

■ be choked up, and new ones formed. The greatest changes, 

V however, are caused by the earthquakes, which front time to 

[ time visit the island. Thus, during the earthquake of 1789, 

the most important spring in the country, next to the Geyser, 

disappeared.and at present only steam is evolved from its mouth, 

while the Sirokr, which before tliis was but an inconsiderabtv 

spring, increased to such an extent, that it is now considered 

to rival tbe Geyser in importance. It may be observed, that 

the eruptions of the Strokr have no connection whatever with 

those of tbe Great Gtyaer. During the long eruption of the 

former the latter remained quite quiet, and vice versa. In 

general, each of these numerous hot springs, which are here 

crowded together in a very small compass, seems to be totally 

independent of each other. This might also be inferred from 

the striking difference in their levels. 

It seems probable from the situation of the celebrated hot- 
springs of Icelaiid (of which more than fifty may be counted in 
a Epace of a few acres, at tbe foot of a rock about 300 feet high, 
which leans against a chain of higher rocks) ; from the numerous 
fissures in these rocks, which are composed of alternate layers 
of tuffas, of slflg-streaiHB, and slag-conglomerates, as well as 
from the fact, that the springs are confined exclusively to tbe 
lower region, which extends »long the foot of the hill, whilst 
on its sides and summit are found only gaseous exhalations 
(aqueous vapour and nulphureted hydrogen gas) ; that these 
springs are supplied from the meteoric waters of the neighbour- 
ing hills, and that, being originally cold, they are indebted for 
their high temperature solely to the hot vapours which they 
receive from below. The hot-springs in Iceland seem, there- 
fore, to be produced in the manner described at page 50. 

Lastly, If the permanent obstruction of the lava and the water 
channels has taken place, of course no hot-spring« can exist, or 
at least they can only flow during the cooling of the lava last 
ejected and solidified. This seems to have been the caiie in the 
Tolcanic district of the Sieiietigebirgt, the Laacher .SVe, and the 
Eifel, as in these places no hot-springs, with the exception of i 
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ihe batliB of Bertrkk, are to be inci with ; althuugli in ihc l*n 
latter districts. Ihe number of thermal springe, whose teiu- 
|>eraturc exceeds that of tbe soil at the most by a few degrees, 
are enormous, and considerable exhalations of carbonic gas 
give evident of former volcanic action, it may, however, 
be conjectured, with some probability, that in the vicinity of 
the Laachcr See and in the Eiftl, springs may have existed, 
whose duration depended on the cooling of the masses of lava. 
Similar circumstances seem to have occurred in Auvergne and 
Viz'urais, although the hot-springs, which are not uncommon 
in those countries, show that many of the former volcanic chan- 
nels are still unobstructed 

The examination of deposits obviously formed from springs 
which existed at a former time, may often present an indication 
of their temperature. Thus, on the volcanic tongue of land 
called the iSneefield-Syssel, in Iceland, we find none of the hot 
mineral springs which are so numerous in other parts of the 
island, and which arc distinguished by their holding silica in 
solution, and exhaling sulphureted hydrogen gas. But, in 
former times they existed here, for in many places we find sili- 
ceous incrustations in the form of tuffas and sinters. One cold 
spring, which is now flowing, has certainly taken the place of 
a hot siliceous spring, for its present deposits are only calca- 
reous, and quite distinct from the older incrustations.* The 
circumstance that arragonite is deposited from hot-springs, 
calcareous spar, on the other hand, from cold ones, gives us 
also an indication of this kind Since G. Roset pointed out 
, that the former is only deposited from a hot solution of car- 
bonate of lime, the occurrence of arragonite in any deposit 
leads us to infer with certainty that these deposits owe their 
origin to a hot spring. If, on the contrary, we find calcareous 
spar in any deposit, we may infer with equal certainty that it 
was produced by a cold spring. J 

• K. T, Nidda, lotu cil. p. 2B2. t PoBgendorft"'s Annal. t. xl. p, 353. 

X The following remark may not be entirely superfluous, viz. accord- 
ing to G. Rose, arragonite is formed in b liiglier temperature ouly in 
the moist way, but calcareous spar is formed in the dry way. Thus ear- 
bonate of lime eryatollizes from a state of fusion under strong prewora 
. only in the form of calcareous apar. Arragonite exposed to a elightj 
I heat is easily converted into calcareous spar. 
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If the melted nucleus of the earth be the common seat of the 
Folcanic activity of the ^sjiole earth, subterranean communica- 
ans subsist between all volcanos. The existence of such com- 
lunications cannot be doubted, [mmediately after the earth- 
[uake which overthrew Caracas, there followed the great erup- 
of the volcano of Si Vincent, and the earth no longer treni- 
at Venezuela. When the dense, black column of smoke, 
»»hich, in the year of 1797, had issued for several months from 
she volcano near that city, disappeared, the cities of Itiobamba, 
Hamhato, and Tacuiiga, 280 English miles distant, were at 
the same hour destroyed by a violent shock.* Other instances— 
pf this kind will be mentioned afterwards. H 

Andrea Lorenzo Ciirbeto's description of the great v(4H 
canic eruption in the island of Lancerote, for wliich we are in-" 
debted to Von Buch.-j- also shews how for sis years, from 1 730 
to 1736, the gaseous fluids in the interior found new vents in 
all directions, sometimes here and sometimes there, and yet 
were not capable of preserving a single one permanently open. 
Sometimes two or three openings were formed at once with a tre- 
mendous crash accompanied with flames, (?) which alarmed the 
whole island. Al one time three apertures united suddenly 
into one very high cone ; lava flowed out below and reached the 
If, says that acute geologist, the unhappy Lancerote had, 
like Teneriffc, possessed a volcano, perhaps not one of those 
numerous cones would have been thrown up, and probably not 
a single village would have been destroyed, J He thinks it 
highly probable that this eruption took place entirely from one 
great rent. 



• Von HnmLoldt Reise, t. 1. p. 498. + Loco cit. ^ 

t Von Boch supposes that only the gast'OUB matters, but not Bolid sub- 
stances, TiK. lavas, slags, rapilli, and ashes, proceed from the fociia of the 
Tolcttnic plienomeua. lie obBerve* that thesii masses always shew them- 
Belvee to he of ft nature corresponding to the rocka out of whioh tliey are 
ejected. 

niBBt rot forget that Von Buch was at that time still attached to 
Davy's hypotiiesis, which ascribes volcanic phenomena to the combustion 
of the metals of the alkalies and earths, and which does not require us to 
snppose the origin of volcanic action to lie at any great depth. It u in- 
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During the violent eruj)tioii in tlie low country of Skaptar 
Jokul in Iceland, in 1 783, which suddenly brought up the most 
enormous masses to the surface, the lava burst forth al three 
different points, more than two geographical miles distant from 
one another, and spread over a surface in the plain,* which is 
supposed to equal in extent sixty geographii^al square miles. 
This masfl is so considerable as to surpass in magnitude that of 
Mont Blanc.f Under almost tlie whole of Iceland there is i 
volcanic furnace, which communicates by many apertures widi 
the surface. The masses of melted matter, therefore, seek gn 
outlet at various ptiints, and many places are mentioned, at 
which the lava has ouly been ejected once within historic^ 
times. The volcanic phenomena are not confined to the iidaDil 
alone, they also break through in the neighbouring sea. In 
January 178!^ such an eruption took place in the sea, d^ 
geographical miles from Cape Reikianea, several ialaads were 
raised, and great quantities of pumice and light slags were 
floated on the coast. In June the whole island was shaken by 
earthquakes. The submarine eruption discontinued, and at a 
distance of fifty geograjihical miles the grand eruption of 



deed, very different, according lu tliu hjpaCliesi« whioh wc are endeavour- 
ing to defend. In tills tlie seut i)f ihe volciinic actions is aupposed to be 
identical with the plac? where tfae elastic forces pruducing them act. The 
CQQiiectiDn between the lavoH, and the stags, rapilli, luid ashcB rpsnlting 
from them, and the rocks at the eurfhce, would only thsn shew thai ibe 
same material wliiuh couipiised the rucka, raiited at a former period, and 
BOW spread over the Burface, lias alau Bcrved for Che production of the more 
recent vulcanic formations. But it still rem^na to be taken into considera- 
tion, that aqueous vapour, generated in the lowest point of the volcanic 
focus, posseasing i(« maximum of elaGticity, and heated to llie melting point 
of lava, or above it, is capable, as we have alreadj MJd, without the assist- 
ance of any other |Kiwer, of converting fusible roeliB into a stute of hydro- 
igneous fusiou. 

' See Om Tordhraudeu [laa Island i Aaret 1783, ved Student Soeniund 
Magnuasen. Kort beakrivelHo over den eye Vnlkaus, lldsprudning i Veeter 
Skoptefells Syssel paa Island i Aaret 1783 uf Magnus Stephen sen, Kiiiben- 
havn 1786. Sir G. Maken/ie's Travels in Iceland. Ganlieb's Island, I8ID, 
p. 64. Th. Glieraann geugr. Beschreihung von Island, 1 824, p. 1 07. Pen- 
nant le Nm^ de Globe, t. i. 

+ BerghauB Almanac for 1838, p, 7S. 
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Skaptar Jokul commenced. On the 13tli June 1830, a simi- 
lar submarine eruption was repeated • 

The immense masses of lava ejected from a single volcano, 
and the enormous extent in which volcanic actions are felt at the - 

e time, scarcely leave room to doubt that every active vol- 
cano is in immediate communication with the whole melted 
matter in the interior. In this manner alone can it be conceived, 
bow, for instance, the masses ejected at different nines from 
Vesuvius vastly exceed the whole bulk of the raountain,-t- while 
the latter seems upon the whole to undergo no diminution, 
for the falling in of its cone at one period appears to be ba- 
lanced by the accumulation of ashes at another. 

If a rent reaching from the surface to the melted matters in 
the interior be of great length, but not open throughout its 
whole extent, the first eruption will take place where there is 
the least resistance. 

If this channel become obstructed, the volcanic fire will seek 
another vent.J Violent concussions may open new fissures § 
and close old ones, by whicJi frequent changes may be produced 

the channels of the lava and water. Fissures obstructed by 
lava are closed so firmly as to be incapable of being re-opened ; 
new ones, therefore, are fonned. Thus it is, at least, if a vol- 
cano produce eruptions from its sides. If it happen that a wide 
and lasting vent l>e formed, all partial workings in the neigh- 
bourhood will cease, A similar combination, although on a 
somewhat limited scale, is presented by groups of mineral 
springs, especially of hot springs In such groups new channels 



* Jonm. de G^ologie, 1. i. 

+ This was remarked aven by the ancients; and Seneca, Letter 79, after 
statiog the diffiuulty, aolves it hy remarkiiig, that the fire of the volcano, 
"" in ipeo monte non alinieiituiu haliet, sed viam." — Daubeny on VolcanoH, 
p. 16& 

t TbuB the inteiior of the crater of the Pmk of Tcaeriffr shews it to be a 
Tolcano, which for thouBands of yaaxa has thrown out fire only from its 
Bides. V. Humboldt, Reise, I. i. p. 195. 

§ According to the inhabiljlnta o( Nein Aiidahisia, the sdH in various dis- 

icte in their province has become laore and more arid, in consequence QJ 
the freqnent earthqualip.q with which they are n'sitei* irom time 
T. Humboldt, Beiae, t. ii. p. 21. 
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are seen to open, new springs to rise, and old ones to close. The 
only difference is, that, as these changes are not accompanied 
with any liolent action, as is the case with volcanos, they re- 
■ quire a greater length of time for their accomplishment. 

We have, in the preceding inquirien, as yet only supposed 
the admission of water from the sea. Btil this does not seem 
always to be the case, even in volcanos situated near the sea. 
According to Hamilton,* the water of the springs and wells of 
Torre del Greco diminished so much a few days before the 
great eruption of Vesuvius, on the 15th June 1794, that the 
corn-mills at the principal spring were nearly stopped, and it 
was daily necessary to lengthen the ropes in the wells, in order 
to reach the water, Some wells dried quite up, and on 
morning of the 12th June, at Resina, a subterranean rumbling 
noise was heard after a heavy rain. MonticeUi and Covelli \ 
relate that, before the great eruption of this volcano in 1832, 
at the beginning of January, the springs at Retina, St Jono, 
and particularly in the places in the immediate vicinity of 
Vesuvius, diminished perceptibly.^: MonticeUi ob.served simi- 
lar phenomena before the eruption in 1813, and he thinks 
that, in general, they are a sure sign of one. It is hardly to be 
doubted that rents were opened by the earthquakes, through 
whicli the water descended to greater depths, accumulating, 
perhaps, in great caverns, and from thence found its way to 
the source of the volcanic action. 

We find considerable accumulations of water in all moun- 
tains traversed by numerous fissui-es. We will only now men- 



' Phil. TraiiB. for igss, p. 73- 

t Loco cit. pp. 12 and 63. See also MoQtii^elli, in Leonard's Toschen- 
buch fur dii! gesainmte Minerolcgie, vol. xiv. p. 67. 

t Tlie Banie was observed t westf -three days before tbe earthquake in 
Culahria ; and also in the Peai n/ Tfitfnfe, in 1706, Von Humboldt, Balat. 
Hist. t. i. p. 393. In Icdaad, this phenomenon was observed before the 
rible eruption of Siaj'tar Jokal, iu 17Q4. In general, in volcanio distriots, 
tbe poroDB and much fissured rocka swallow up the raiD-wateT, aod catrj it. 
dawn to very great depths. Yon Humboldt gives this as tlie cause of the 
extreme aridity which reigns in most of the CanaTg Idaiult, DotwithBtimd- 
iog tbe height of the mountains, and tbe mass of clouds which travellers 
bIwstb see collected over this Archipelago, Reise, t. i, p, 1 73. 
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tion the western declivity of llie Teutoburger Wald, in which 
such considerable rivers have their source; the Jura moun- 
tains ; and the Gemm't.' The volcanic inundations, of which 
Von Humboldt gives such extraordinary examples,t are an 
additional evidence of the existence of such great subterranean 
accumulations of water, in the vicinity of volcanos. Lastly, 
we have, further, examples of volcanos coming into action 
after violent storms of rain ; for instance, the Mer-Api, in 
Java.X In the Andes of Quito, the Indians imagine they have 
observed, that the ([uantity of percolating snow-water increases 
the activity of volcanos. § Can it, then, any longer be doubted, 
that the proximity of the ocean is by no means a necessary con- 
dition in the production of volcanic phenomena ? But all that 
has been said respecting the channels by which the sea-water is 
admitted to the volcanic focus, holds equally good with respect 
to those admitting springs or rain-water ; only with this dif- 
ference, that, in the more lofty volcanos of America, the vol- 
canic focus may be imagined much higher, and yet columns of 
water of considerable pressure will not be wanting, provided 
those accumulations of water be situated at a great height in 
the mountains. 

The same power by which masses of lava are forced up, 
sometimes so as to reach the surface and flow over it, or in 
other cases becoming solidified in their channels, will also raise 
whole mountains. These elevations may take place through 



P^iienii 



Von Huniboldt (Reise, t. iii. p. 229), mentions several rivers which lose 
the gueins rocks. When these gneiss mountains were up- 
raised, considerable caverns may have buen funned, which were afterwards 
fillPd with water. 

t Annal. de Chim. et de Phys. t. xxyii. p. 128. This circumstance, how- 
ever, must be considered, that the strong heat over the active volcano di- 
lates the atmosphere, and produces a, rising stream of air. The consequenco 
of that is an influx of air from all sides. But this air is accompouied with 
moisture, nhich, rising with it, is condensed in the higher regions of the 
atmosphere, and fails down in showers. Therefore, an active volcano affords 
not only water, which immediately issues from its interior, but it also de- 
prives all the environs of vrater. Dn Carta aur les inondat. Volcaniques. 
Joum. de Physiqne, t. xx, p. 103. 

X Memoir of the Conqnest of Java. London, IHI.^, p. 41). 

S Von llnmboldt's Reisc, t. i. p. 263. 
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rertU of more or less considerable width; and partly funii 
dykes, or mountains of some magnitude ; or raise up or break 
through the upper strata of the earth, Thus Von Buch* in- 
forms us that (111 the island of Lancrrolc, during an eruption 
in 1730, a rent was formed above two German miles in length, 
on which about twelve conical hills had risen, whose summits were 
from 600 to 800 feet in height. In like manner basaltic cones 
(also even porphvritic and f;ranitic hills), are situated in a line 
and of which two or more are connected by rents, which are 
filled up by basalt. Remarkable phenomena of this kjiid ar 
seen near Mural in Auver^te.i 

We haveabundanccof proofs of the rising of massee (^ mdt- 
ed or at least semifluid matter,^ out of the interior of the eaith, 
in the filling up of dykes with compact crystalline rocks, in all 
of which, as in the rocks of undoubted volcanic origin, felspar 
forms a necessary and principal ingredient.§ We find these 
rocks in contact with all the stratified and superficial formA- 
tions, even with those which are going on at the present day. 
But similar masses, which have evidently flowed in stream! 
from craters, are also found in positions which shew that they 
must have risen from the interior of the earth, after the forma- 
tion of the stratified rocks, and found their way into fissures, 
which in many cases do not reach the surface. Thus, granite, 
syenite, trachyte, the porphyries, the greenstone, and so on, up 
to the basalts, form dykes in the strati(ie<l rwks as well as in one 
another. They also not iinfrequently appear in beds between 



* Leonard's Tu-whciibuch, 1824, Ablli. ii, p. 439. 

+ Leoiiliard die Basalt Gehilde, t. i. [>. 408. 

t Cones of l)ttsttlt, tmclij-tp, and phonoHtPj whose inclinntion is often vwy 
considerable, cannot have risen in such a thin liquid state, as that in wftieh 
lava issues front volcanos ; for, according to the olieervaitione of Elie dc 
Beanniont already mentioned, lava streams having on inclination of onljG* 
cannot form a continuous mass. See on this Bubjcct Leonhard, loco cit. t. i. 
V- 117, 4c. 

§ Felspar may eertaiulj be comtidered as a characteristic sign of an igne- 
ous origin in rocks, as this mineral is never found in rocks, in the fornia- 
tion of which the action of volcanic power can be proved to have been 
wholly excluded. 
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e lieen forced 
J to the surface at the most widely different periods ; we find 
. most commonly in clay-slate, and in the greywacke for- 
■ mation, in gneiss and in niica-slatet and they are sometimes con- 
nected with other more considerable masses of granite. Even 
after the formation of the oolitic and chalk groups, they have 
been ejected; but there are no granitic dykes described as 
intersecting these rocks. The stratified rocks are usually al- 
tered in the immediate vicinity of masses or dykes of granite ; 
and their stratification becomes indistinct and confused. The 
por|ihyriea, like the granites, exist as independent formations; 
but these are not bo frequent or so extensive, and are more fre- 
quently in contact with more recent stratilied formations than 
the granites. The trap rucke traverse all the stratified rocks 
from the gneiss and greywacke group, at least to the oolites in- 
clusively. The basalts are found in all formations, from the 
transition and secondary rocks to the lignite inclusively, nay, 
in the newest formations.* 

In general, some alteration in the adjacent rock and some 
new mineral productions,t are found where such masses have 
been forced up, and large and small fragments of the rock are 
not uncommonly found firmly imbedded in the latter. We may 
here, by way of example, mention the conversion of compact 
limestones into marble, exactly as Hall changed limestones by 
heating them in close vessels or under pressure \ and again, the 
disappearance of the black colour and the bitumen in the coal- 
sandstone.^ 



' Leonhard's Baaalt Gehilde t. ii. p. 6, &c. 

+ The adjacent rork, heated by the melting mass, might, by their both 
cooiing rery slowly together, give rise to the production of crystalliDS Bub- 
stonceB (as horubleude, felaptir, mica, by the contact of granite with day- 
slitte). £ut the rock would probably also take up substanceBlVom the melting 
mass (alkalies) which would S(>rv<! as a flux. 

t The combustion of beds of brown coal seems also to have been efleef- ' 
ed by igneous fluid masses which had risen from the interior. Thus t 
remains of such eomhustions always occur in Bohemia, aj^cordlng ti 
Reoss (NSggeratb Ausflug noch Biilunen. Bonn. IS38, p. 171), in the n 
bourhood of basalts, and these phenomena are so enormous, that tl 
U|ot be conBidered as caused by actidental combuslions. 
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The I'onglotiiLTBtes whidi frefiueiiily surround these 
niusscti, unil which ore not confined to ihcbasaltsaod trachttn, 
bttt are also found accompanying the greenstones, porphi,-rie», 
and granites. Von Hucli considers to be produced by the fric- 
tion of the rising niatler against the rock ; and their eustoicc 
in a further proof of the- pyrogenetic origin of these masses. 

OthiT phenomena lead up also to infer that crystalline rocks 
have risen in u melted state. If, for instance, such rocks are 
separated by rents, crystals are often found in them, broken 
through the middle, and both pieces are imbedded in the sepa- 
rated rocks. TliUB, my friend Prof, Noggeratli has observed' 
that many of the larger crystals of glassy felspar in the trachyte 
of the Fjrachcvfiii arc broken through in this manner, and 
that ihL' one piece is displaced several hnes from the other. 
He observed the same phenomenon more frequently in the 
porphyritic granite near Giififeragrun in the Fjchte^ebirgt.* 
The olivine in the basalt of Burzet in Kii'araij presents the 
same appearance, according to Scrope,+ and the separated por- 
tions of crystals exactly correspond. Faujas observed among 
the basalts of the bridge of Bridon adjacent columns, with in- 
cluded fragments of granite broken through, in consequence of 
the formation of the columns. All these phenomena prove 
llmt these crystnlline rocks must have been still soft, after the 
imbedded crystals hod arrived at the stage uf perfect solidifica- 
tion, and that the breaking of the crystals is a consequence 
of cooling. 

The occurrence of arragonite in the fissures and cavities 
of crystalline rocks, basalt, for instance, seems also, according 
to the above-mentioned experiments of G. Rose, to prove, that 
these rocks were at least still hot, when cold solutions of car- 
bonate of lime penetrated into the fissures. 

Lastly, instances of the formation of dykes of volcanic mat 
tcr at the present day, offer a further proof, if further proof be 
necessary, of their igneous origin, and the accounts given of the 



° Noggerath Iwo cit. p. 71- Bee aUo Goldfiiss and Bisi^hof, B^^Ob 

lisch-slnlistische Beachmbnng den Fichtelbirges, t. ii. p. 114. ^& 

t Confiidcr. p. 13fl. 
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mt eruptions at Ponohohoa in Owhyftee,* eatnblish the poa- 

y of eruptions through rents. 
F alterations in the adjacent rocks, or otlier phenomena al- 

idy mentioned, are not observed, we may infer that the ele- 
s have taken place in a solid state. Notwithstanding this 

idity, the higlily elastic and exceedingly hot vapours may 

rtainly cause considerable chemical alterations in the elevated 
es, as well as in the adjacent rocks. 

It is impossible to determine any regular order of succession 
in the elevation of the pyrogenetic rocks. They occur in every 
period of the stratified formations. Older ones have very com- 
monly received those of more recent date into their fissures. 
There scarcely exists a single unstratified rock which is not 
somewhere to be found filling up dykes in granite. Basalt- 
dykes traverse many unstratified rocks, such as trachyte, con- 
glomerate, and others. In Iceland, tufa is found alternating 
with slaggy lava ; and dykes of a porous trachytic rock traverse 
the tufa of Siroviboli and Vulcanello in the Lipari Islands, 
&c.t 

Masses of melted matter will break through the bottom of 
the sea more easily, because resistance is there the least consi- 
derable. To this may be ascribed the frequent elevation of 
islands from the bottom of the sea, not only in historical times, 
but also at the present day, and under the eyes of observers, in 
whom the utmost confidence may be placed. The most extra- 
ordinary and instructive island in this respect is Santorin, be- 
cause it unites the whole history of volcanic islands and islands 
of elevation. A more beautiful, regular, and perfect crater of 
elevation is not to be found, than in the space which is almost 
entirely surrounded, by the inner circle of Santorin (which en- 
compasses more than one-half of it), and by its continuation 
as exhibited in the islands of Therasia and Asproniai.* Here 
it is probable that the clay-slate was broken through and up- 

• Poggeudorff's Aonal. t. ix. p. 141, 

t De la Boclii!, Httiidbucli der Geagoosie Von v. Dechen. Berlin, 1832. 
Abschnitt jiL 

t Von Buch in Puggendorff's Annal. v. x. p. 172. 8ee tlie drawing in 
hU splendid atlas, and the Bketeh in these annal. v. xsiv. p. 1. 
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raised. These islands, there 
and cannot have been raised i 
hand, bistor; and tradition i 
ceased in its endeavittirs to i 
of this crater of elevation. 
Christ, the faUmd of Iliera {ndl 
fonned, and since that, as it I 
been raised in its centre. 
In 1573, the LitUe Kammt i 
centre of the basin, accompanS 
and pumice; and between 170 
Kameni, which still continues tc 
Lastly, in the present momei 
be about to appear to the east 
the coast of Santonn, accord 
ficer of Santcrin,X (Nauplia, 
habitants of the ishind assert, 
lay at the depth of 90 feet ; in 
the surface; and at present the 
it. According to later accoun 
this bank continues to rise so ra 
interruption in its progress, it t 
to lay claim to the denominatioi 
1713, it is said an island arose E 
Venice, accompanied witli flames, f 
shocks. This phenomenon, which 
away the inhabitants from the ad I 
two years a similar occurrence wi | 
ifJand was thrown up under the si 1 
two islands are now, as the neighlx ! 
cultivated.il 

* Von Hoff, GCBchichte dpr natiu-lichan \ 
flache, t. ii. p. 137- For an accoiii 
gendorff's Annal. v, xxiv. p. 101. 

t See the account of Fatlu-r I3ou 
mare natia insulis 1763, p. 4& 

X AllgemeincB Organ fiir Handel nnd Gew 
Jameson's Phil. Joamal, vol. ssi. p. 17S. 

U JuBti's OsBchichte des Erdkorpera, p. ISA. 
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^■Prom Leop. Von Bucirs instructive exposition of the nature 
^BTolcanic phenomena,* which, together wiih the careful works of 
^Km Hoff, contaio a critical compilation of all cases yet known of 
I the production of new mountains and islands by volcanic action, 
we will borrow only the following examples of recent date. The 
first I shall mention is the island of Suhrina, near iS'( Miguel, 
in the Azoreg, which is celebrated for the many islands that 
have attempted to rise in its vicinity, and which made it« 
appearance on the ISth or 15th June 1811 ; it began to dis- 
appear in October, and towards the end of February 181?, 
steam was only occasionally seen to rise out of the aea at the 
spot where the island was formerly seeo.-f- Secondly, Tlie 
rising of a new island near Unalaschka, in May 1796, which 
not only remained, but, up to 1S06, had increased in cir- 
cumference, as well as the peak in heig-ht. It required six 
hours to row round it, and rather more than five hours to 
ascend in a direct line from the shore to the summit of the 
peak-t The creation of both these islands was preceded by 
violent earthquakes, and columns of smoke, which ascended 
from the sea, whilst stones were thrown to a great distance. Ot 
Sabrina this surprising circumstance is related — that the stones, 
on leaving the sea, were black, but suddenly became red hot 
when they emerged from the columns of smoke. Tillard found 
on this island the skeleton of a shark so calcined, that the bones 
fell to powder on lifting it up. Of the other island it is only 
said, that during the night fire rose, which was sometimes so 
bright, that all objects were distinctly visible in Unalaschka, at 
a distance of twenty leagues. Smoke continued to rise for four 
years. 

Phenomena of this kind have taken place still more recently 
among the Molucca Isles, as we are informed by Prof. Rein- 



's Ann. V. X. p. I and following, p. 168, 346, and 514 ai 

following. 

t See also V. Ilumboldt's Iteise, t. i. p. 254, and t. iii, p. 6. It is worthj ' 
of remark, that tlie Bniitll island of 1720 hasreachedeiactly the same height 
as Sabrina attained id 1011. 

J It waa, conseiiucntly, more than lOOO feet high. Unfortiinutely the 
depth of the sea at that place is not given. But it certaiuly offers at 
ample of one of the greatest elavatioua of the present day. 
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wardt.' Near the active volcano of Gonung Api, in the group 
of the Banda Islands, a considerable mass of black rock rose up 
in a bay, oui of the sea, without any noise. When Reinwardt 
vi§ited this extraordinary spot in 18S1, he found it still very hot, 
and the newly raised mass sent forth boiling hot vapours. A 
precisely similar occurrence took place on the Coast of TemaU. 
On Lancerote also, on ihc SUt August 1824, after several days 
of violent earthquakes, accompanied with a subterranean thunder 
like noise, a new volcano hartal forth with a terrific crash, emit- 
ting streams of fire, so that the whole island was dluminated, 
and throwing up so many red hot stones and fragments of 
rock, as to form a mountain within twenty. four liours.t 

The last occurrence we shall mention, and which is still fre^ 
in our memory, namely, the volcanic island which appeared 
in July 1830, in the Mediterranean, between the south.west 
coast of Sicily and Pantel/aria, shews, thai these phenomena 
may take place in two different ways. New islands may be 
formed in the sea either by the elevation of solid rock, by violently 
breaking and raising up the original strata, or merely by the 
heaping up of the loose masses which are ejected.^ This event 
was of the latter description, and in its ephemeral existence ex- 
actly resembles the above-mentioned case in the Azores. Under 
which of these forms such volcanic productions appear, may de- 
pend on the nature and thickness of the rocks to be broken through, 
on the depth of the sea at the place of the eruption, and the 
strength of the volcanic force. However, the visible part of tVis 
island may, perhaps, as is the case with many others, only have 
been the summit of a peak situated in the centre of a crater of 
elevation, which remained buried in the sea, similar to the cones 
of many land volcanos, which, if they had been situated in the 
sea, would have been unable long to withstand the action of the 
waves, as is the case with most of these islands. Hoffmati,§ 
who approached very near to this island, shortly after its ap- 
pearance, saw quite plainly, that it was nothing else than the 



' De iuc^ndiis montiam i^i ardentium insulie Jav», &c. diapnta^ g'ecF' 
logica. Anctore van der Buod Meacli. Lugdiini, Batav. 18S6. 
f Anaal. de Chim. et de Phys, t. xxvii. p. 382. 

X See, Qn the contrary, VoQ HumbDldt in his Iteise, t. i. p. 254, note. 
's Ann. t. xxiv. p. ^S. 
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edge of a crater, the walls of which were gradually raised above i 
the surface of the water by the materials ejected from it. From 
this crater vapours rose uninterruptedly with great violence, yet 
without noise, which were succeeded by the ejection of slags, 
sand, and ashes. The appearance of this island was also pre- 
ceded by a noise resembling thunder, and by the elevation of a 
mass ol" black coloured water to a height of eighty-two feet, 
columns of smoke rising at the same time to a great height, i 
The accounts leave us in uncertainty respecting one of the most 
important circumstances — whether fire rose out of the crater or 
not. However, Hoffman and his companions are inclined to 
the more probable opinion, that this volcano vomited no fire, 
and that what some observers took for flames, was only the^- 
tUU in the smoke.* Lightning, caused by the electricity ex- i 
cited by the rapid evaporation, was observed there, as it is 1 
during the eruptions of Vesuvius and other igneous mountains. I 
At the end of December 1830, this island, which was 2100 feet j 
in circumference, and the highest point of which rose 210 feet 
above the sea, shared the fate of Sabr'ma, and disappeared. 
From the bottom of the sea it had risen between 700 and 900 
feel ; and from what depth below, may be conjectured from the 
calculations previously given. 

Thus, then, the rising of islands out of the sea is a well au- 
thenticaled fact, and if we should for a moment be left in j 
doubt concerning the cause of this phenomenon, by the appear- J 
ance of steam in the presence of the sea-water, yet the evolu- | 
tion of aqueous vapour from volcanic islands, enclosed on all 1 
sides by solid rock, seems to dispel such doubts. I 

Examples of elevations on land in historical times are much 
more rare. Of these we are only acquainted with the elevation 
of Monte Nuovo near Fuzzxioti in 1S28, which rose 400 feet in 
about three days ; that of Monte Rosso near Caiania in Sicily, 
in 1669, which rose to a height of 820 feet in about four weeks, | 
and -that of JoruUo, which rose to a height of 1480 feet above I 
the plain, in one day, on the 29th September 1759-f I 

* Withoat exactty wisUng to g^neralixe, CI119 circumatance is jet snffi- J 
cient to reader ns distrustful in judging uf d<?s(Mnptiou9 of similar plieno- -1 
mena in which flaiuea nro so often meutioned ] 

+ Von Humboldt Nouv. EHpagne, \ 11 \i 29)1 fiu Burkart loco cit, ] 
vol. i. 1'. 226. J 
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Thfse are also forme<), like the volcanic islands, in two Si- 
ferenl ways. The Monte Nuovo waa furmed by the acctnnu- 
latkm of the loose masses ejected from the volcano, whflsl 
mountains of basalt, trachyte, phonolite, &c. which are so abun- 
dantly scattered over the surface of the earth, have been formed 
by the npraiaing of solid rocks." 

Vesuvius, or rather its cone, seems also to present an example 
of an elevation in the historic area. Tts formation perhaps does 
not go farther back than the period of the famous eruption of 79 
aftertheChristianarea, in which /^eroiiincum and Pompeii were 
destroyed ; for ancient writers never speak of the mountain as 
consisting of two [leaks, which they probably would have done, 
if the Monte Sovtma had stood, as at present, distinct from the 
cone of Vesuvhcs.f It is also remarked that the distance men- 
tioned in ancient writers, as intervening between the foot of 
Vesuvivs and the towns of Pompeii and Slabiae, appears to 
have been greater than exists at present, unless we measure it 
from the foot of Monte Somma, so that this aifords an addi- 
tional probability, that the latter mountain was then viewed as 
& part of the former, and that no separation between tbem had 
at that lime occurred. We may also be sure from the semicir- 
cular figure which the southern escarpment of the Monte Som- 
ma presents towards Vesuvius, that it constituted a portion of 
the walls of the original crater; and Visconti, it is said, has 
proved by actual measurements, that the centre of the circle, 
of which ii is a segment, coincides as nearly a.s possible with 
that of the present crater. There seems, therefore, little room 
to doubt, that the old mouth of the volcano occupied the spot 
now known by the name of the Attrio del Cava/lo, but that it 
was greatly more extensive than this hollow, as it compre- 
hended likewise the space now covered by the cone, which was 
thrown up afterwards in consequence of the renewal of the vol- 
canic action that had been suspended during so many ages. 
This view likewise tends, as it seems, to reconcile the accounts 

* The kte inveGtigations of Buch, Dufrenoj, and Elie Bcaumant, shew 
thai tbo Monte JViioni is a, crater of elevation, therefore not entirely or 
cliiefly composed of loose maases of ejected rocks.— Siit, 

+ Daiibeny, a Deacription of Active nnd Kstinot VolcnnoE, &e. p. 144. 
See also Yon Bach in Pof^gendorfT's Ann. t, xxi.vii. p, 173. 
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which ancient writers have given of the structure of the moun- 
tain, antecedently to the period before mentioned.* 

As for the mode of action of the vapours, it is indifferent 
whether they have to contend with loose and unconnected, or 
with melting masses, only that the former are propelled into 
the air like cannon baUsjf and falling into a parabolic curve, 
accumulate and produce a mountaiui whilst the latter remain 
at the height to which they are borne up by the elastic fluids. 

In elevations of the latter description, the vapour cannot 
escape through Ihc uplifted mass. This mass is supported by 
the elastic force of the vapour, cools gradually, and then re- 
mains, as it were, wedged in between the strata it has broken 
through. But according to Von Buch'sj observations on Palma 
and Gran Canaria, it may happen, that the vapour bursts 
forth from the centre of the mass it has raised, and thus ex- 
poses its interior. Such a craler would thus be the effect of 
the elevation of the island, for which reason he gives it the 
name of crater of elevation (Erbebungs Erater), to distinguish 
it from the craters of eruption, by which true volcanos open a 
communication with the atmosphere. 

Further, this philosopher has pointed out,|| that volcanic 
cones cannot be generated by the building up of streams of lava. 
He infers this from observations made by Elie de Beaumont, 
and which have been already alluded to. This philosopher mea- 
sured the mean inclination of about thirty lava-streams of Etna, 

° See the Historical Notices given bj Daubeny, loao cit. p. 14S and fol- 
lowing. 

t V. Humb. (Reise v. i. p. 226) ealuulatefi from the time the atones thrown 
ont during the lateral eruption of the Peak of Teneriffe, on the 9(h June 1798, 
took in falling (which aucording to Ciiogan waa from twelve to fifteen ae- 
cOQds, reckoning fnaa the moment they reached their greatest height), that 
they were projected to a height of more than 3000 feet. In some similar 
ohaervationB made bj Von Hamboldt during the eruptions of Femrimr in 
1805, he satisfied himself that such observations are capable of a great de- 
gree of exactitude. Similar caloulations made by other observers, give still 
greater heights. The maximum height of snch projections was observed 
at Cotoptai by La Condamine (Voyage ^ I'Equateur). lie saw propelled 
latondlj-, a block of about 1000 square feet, to a distance of nearly 1^ geo- 
graphical milea, 

t Abhandlungen dor Uerlintr Acad, loco cit- p. 58, 

fl Poggendorft"t Annnlft. xxxvii . p. 1 70, fir. 
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and of a great many of Vesuvius, and found that a stream 
having an inctination of &', or even more, forms no coDtiuuauB 
mass. Such a stream inclines too mueh to be able to atlmn 
more tlian a thickness of a few feet. When its inclination is 
only 3" or less, the mass may be spread, and accumulated to 
a considerable height.* 

. Lastly, we have to notice the upraisings which are the conse- 
quences of earthquakes, and often extend to large islands and 
whole tracts of country. Elevations of small compass, accom- 
panied by partial depression, which is no doubt merely a con- 
sequence of the elevations, were observed before,! and duringt 
the famous earthquake uf Lisbon. Small elevations also look 
place during that in Calabria §. The commissioners who vsk 
employed to make observations of the earthquakes in the county 
of Pignerot, relate, that the very day (2d April ]808), when 
one of the most violent shocks was felt, the masting engine at 

Toulon wos elevated more than an inch.[| This observation is 
worthy of note, as it shews that many efiFects of earthquakes 
may often take place at gieat distances from their seat, which, 
owing to their minuteness, may escape observation, unless ca- 
sually discovered. For accounts of elevations of a more con- 
siderable kind in equatorial countries we are indebted to Hum- 
boldt. The elevations in the island of Lanceroie,^ and those 
on the coast of Cumana** are of this kind. 

The most remarkable instance of the elevation of great tracts 
of country of late years, is that which took place in ChUi, 
the 19th November 1823. For the account of this important 
phenomenon we are indebted to Mrs Maria Graham, a well in- 
formed observer.++ After violent earthquakes, which were felt 



* Tide MeiDoir of Elie de Beaumont, in voL Jtx. p, 37G, &c. Edin. New 
Pliil. Joum. ; and DeBcription Geologique de la France, t. iv. 

+ Palitsaou Mem. pour aervir & I'llistoire Nat. dea Pyren. p. 360. 

t PLiloB. Trans. L sUx. p. 41?. g Jour, de Phys. Ixii. 1806. p. SS4. 

II Idem, t. Ixvii. 180e. p. 30D. 1 Relat. Hist. t. i. p. 188. 

•• Ibid. t. ii. p. 279. 
■1+ GeoL Transact, v. i.. Sec. Series, part ii. p. 413. Mr Greenough felt 
disposed to call in question the observotiooB of Mrs Graham, but shi 
defended Ler Htatements very creditably, and Eias been supported by Mj 
Meyon, Ber^Hiaus Aunal. dor Erdkunde, t. xi. p. 129. 
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ihrough an extent of country 1400 English miles in length, and 
during which it appeared as if the soil was suddenly raised and 
immediately sunk again, or as if the earth had an undulating 
motion from north to south, accompanied with a noise like the 
rushing of steam, the whole coast for an extent of about 100 
English miles actually rose between three and four feet within 
twenty-four hours.* In all the small valleys the earth in t|)e 
gardens was disturbed, and sand aJid water rose in quantities 
through the cracks. The granite rocks near the coast, which 
are traversed by small parallel dykes, shewed many narrow 
rents parallel to the old ones in some instances. The former 
were traced one mile and a half inland, The phenomena which 
moat forcibly arrested the attention of Mrs Graham, were evi- 
dent marks of this coast having been raised in a similar manner 
by earthquakes in former times, and indeed to a height of fifty 
feet above the sea level. 

The latter phenomena are so much the more important themore 
frequently they occur. We can, therefore, have no difficulty 
in admitting most earthquakes to have been the causes of such 
elevations. Many coasts, as is well known, bear evident marks 
of having been raised in former times. Thus Vctcht obser- 
ved on the coast of the island of Jura in Scotland six to seven 
terraces one above another, the lowest at the level of the sea, the 
highest about forty feet above it, all covered on their horizontal 
surfaces with pebbles like those which the sea still throws 
up. Mr Smith of Jordanhill has also pointed out, that in 
a former time an elevation of the west coast of Scotland has 
taken place.| Peron noticed a similar phenomenon on the 
coasts of some islands in the neighbourhood of Van Diemeits 
Land. Many other instances of this kind occur, which present 

' Fr. Place also conlirmB this accouDt of the extent of tha elevatioii, in 
Joum. of Sc. No. xxxiii. p. 3S. According to the reports iu the Ann. de 
Chim. et da Plijs. t. xxvii. p. 360, two voloaooa, in the neighboariiaod of | 
FoWimo, presented a sodden eruption with a loud noiae, and illuminated the 
whole oonntrj for some seconds, hut they soon subsided again. At the 
same time a slight shock was felt in that town. 

t Cieological Trans. Son. Buries, v. i. port ii, p. 416. 
„ t Phil. Mag. V. X. p. 136; Jnmeeon'a Phil. Journal, vol, sxv. p. 37« ; and 
^^ Mem. Weruorian Soc. vol. viii. part. i. in the press. 
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traces of elevations, some uf them perfectly incontc 
others very probaWe.-f- In conformity with tliis are also the 
aiisertiuns of the inhabitants of Otaheite,* and those of the Mo- 
Ittcctu,^ that their islands still eominue to rise. 

The latest earthquakes, which, in the month of Februaty 
1835, destroyed a great part of Chili, (Conception, and many 
other towns), offer also evident proofs of elevations occasioned 
through their agency. Some days after this devastation the ta 
did not rise to its ordinary level, the difference amounting la 
four or five feet in height. This difference decreased gradually; 
in the middle of April it was still two feet. The fact that the 
island of iiauta Maria has risen nine feet, proves the actual 
elevation of the country. Near Tubvl, south-east of Sania 
Maria, the country has risen six feet, and the island of Mocha 
seems to have risen about two feet.|| 

The gradual elevation uf Scandinavia and /'iM/oiuJ is pecu- 
liarly interesting. Afore than a century ago Celsius called at- 
tention to this phenomenon, and endeavoured to account for it 
by a gradual sinking of the level of the Baltic. Playfair.TI how- 
ever, remarked, as early as the year 1802, that an elevation of 
the land may be assigned as the cause of this phenomenon with 
more probability than a sinking of the water. This supposition, 
he thinks, accords with Hutton's theory, according to which the 
continents have been actually raised by subterraneous powers, 
and are even now supported by them in their place. Lastly, 
Von Buch,*» without having seen Playfair's work, gave his 
opinion, " that the v/ho^e country, fiom FrederickshallinSmedm 
to Jim in Finland, is in the act nf rising slowly and insensibly." 
The rising of the Gulf of Bothnia amounts, according to the 
observations communicated by Hillstrom, from 8. 71 to 4.61 



* Dalomieu Oryktol. Bemerk. uber Calubrien. Frnnkf. a. Mainz 1789, 
p. 167. 

f Brwhi in Bibliotcca Itallajia ]Q21. Sopt. Brdslak Reiscn in Citm- 
paniou, t ii. p. 115. 

t CorreHpoudeDce Aatronomique, v. x. p. 266. 
5 PoggendorfF'a Ann, t. ii. p. 414, according to Prof. Reinwardt. 
n Nantics! Magazine, No. 40 and 51. March and June 1836. 
H Illustrations of tlie Huttonian thL'ory. 
•* Reise dmch Norwegeu und Lappland, t. ii. p. 389. 
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!eet ; on an average 4. 26 feet during a century.* Beds of sea- 
sbells, found sometimes SOO feet above the present level of the 
sea, as, for instance, on the sea-coast and on the islands of Ud- 
devalla, as also on all the sea-coasts of the south of Norway, and 
which sea-shells consist of such kinds as are still found living at 
these places in the sea, prove how much the level of the Bailk 
has changed even during the time that the present testaceae 
have inhabited it.f But the rising seems to be very unequal 
at various places. In the north it is more considerable than 
in the south. On the eastern coast of the Danish islands of 
Miien and Sedand, Lyelii found no indication of a recent 
elevation of land. The first place along the whole coast of 
the Baltic, where an elevation is said to have taken place, is 
the town of Calmar. Beyond the Swedish coast, on the coast 
o( Finland, the inhabitants are perfectly convinced either that 
the water sinks or the land rises. This remarkable phenomenon 
has excited a general interest among the Swedish naturalists, 
and caused continual exact observations of the marks inscribed 
on the shores of the Gulph of Bothnia. Thus Nilsong thinks 
he has found convincing proofs that the most soutJiern part of 
Sweden is sinking, whilst the remaining part is rising. He has 
also endeavoured to give probability to the supposition, that the 
sinking took place, and still takes place, not suddenly, but gra- 
dually. Forchhammer|| likewise alluded to similar phenomena, 
in order to prove that elevations in Scandinavia take place not 
only in diiferent proportions, but that a depression is also going 
on. He infers from his observations, that the level of the coast 
of Denmark has varied in a different proportion from that of the 
Swedish coast, which he ascribes to the feeble earthquakes that 
have been felt so often in Sweden, but never in Denmark. He 
estimates, according to rough calculations, the elevation of the is- 
land Borithahn to amount to one foot in the course of a century. 
If elevations of countries, in which volcanic actions arc felt, and 
which are agitated by violent earthquakes, be produced, as is 



* !&iuiaroiia u. HiiUstrdiu m I'oggend. Ann, t. il p. 30G. 
t Berzeliiis JahrGsliericht, 1820, p. 293. 
X Poggendorff'a Ann. t, xxxviii. p. 04. 
g Berzelius JahreBbericht, No. 18, p. 386, luid Poggendorft'a Ann, L ilii 
p. 472. 
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very probable, by the same cauBCB as these phenomena. 
(litlicuU to imaj^ne these causes to operate in elevating countrin 
where no sudi pljetiomcna occur, or where, at least, they take 
place but rarely or to a small extent. The latter is the cue 
in the Scaniihiavtan Peninsula. That region has no acbvf 
volcanos, no hoi sprinfrs — even thermal springs bearing a tem- 
perature of but a few degrees higher than the mean temperature 
of (he place, are considered as rarities; whilst, in other coun- 
tries, iliey are of very frequent occurrence. All this proves iha 
the crust of the earih in this country must be very solid, and 
traversed by comparatively few rents or fissures. 

Berzebiis assigns as ihe cause of this rising of the Saedilll 
coast, the gradual cooling of the earth; and says: " Its diameter, 
in this manner, decreases, and the consolidated crust leaves Hlher 
empty spates between itself and the fluid mass, or sinks down- 
wards. Being, however, of so large an extent that foldings 
and bendings must occur, portions must rise up on one tide and 
sink on the other. This supposition seems to be supported by 
the sinking of the western coast of Greeiilatid, and of an island 
situated in the Gulf of YoughaU, a phenomenon which has 
been recently pointed mit by Elie de Beaumont and FingeL 
Kloden also has recently given much probability to the sup- 
position of a sinking of the Dalmatian coast." 

We shall endeavour to shew in Part iV. what effect migfat 
be expected on the surface of the earth, if its solid crust 
should still continue to increase in thickness towards the inte- 
rior by gradual consolidation of the fluid centre. Besides, 
think that a sinking of the outer crust can scarcely be supposed 
to occur, but that it is much more probable that caverns ahoulo 
be formed at the moment, when the fluid mass becomes solid. 
At least the latter effect was seen in fusing two basalt balls, 
two feet in diameter, in which many larger and smaller cavitHi 
were found. I shall allude to these phenomena in antrtliei 
section. 

If we take into consideration all that has been already s 
on ejections and elevations (soulivemens) we shall be indu< 
to adopt the following inferences. Masses of our earth, still 11 
a fluid state, may be raised through and above its solid crust 



* PoggendoriTs A.ni\.,t. xUii. y. 3Cl. 
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I'he rising of ihe lava in the craters of volcanos is a satisfactory 
proof of this circumRlance. Solid rocky masses, strongly 
heated, may be pushed upwards during violent convulaions 
and elevations of the original rocky covering, or be thrown up 

in the form of loose masses, more or less heated. The not un- I 

frequent rising of small islands from the bottom of the sea, and I 

the elevations ( soulevemens ) actually observed to take place in I 

the continents, are evidences of these operations. All these I 

phenomena are effects of foi-ces, which develope their whole in- I 

tensity in a very short time, often in a few moments. But 1 

large islands, and even whole countries may, in a very short | 

time, be raised several feet, as was shewn in the cases of CklU I 

and Santa Maria. On the other hand, Scandinavia presents I 

us with an instance of an elevation which, compared with the I 

preceding, takes place with extraordinary slowness. I 

Besides all these elevations which have been actually ob- J 

served, other appearances occur, which lead us to infer that 1 

elevations have taken place previous to the existence of any 1 

record. These are the elevations of old volcanic masses, oa^ba- I 

salt, trachyte, S;c. their penetration into fissures, and the eleva- J 

tion of whole systems of mountains. In regard to the first, the I 

conclusion may, as has been already shewn, be considered as | 

well foimded as it is generally possible to be, when drawn from I 

phenomena which have taken place before any records were in I 

existence. The similarity between these phenomena, and those I 

which have taken, and still take place, before our eyes, render " 
it extremely probable that they were produced by forces which 
were in operation for a very short period only. Changes in 
the contiguous rocks, and the imbedment of fragments of 

them in the volcanic rocks, render it also equally probable that i 

these masses were raised in a fluid, or at least softened state, I 

and either rose above the surface of the earth in the form i 

of conical mountains, or remained adhering in rents of the I 

rocks. These phenomena, then, belong entirely to the same I 

class as the elevations of lava in volcanic craters. When, on I 

the other hand, no changes are perceived in the contiguous I 

rocks, when these have been simply broken through and up-. I 
raised, when the broken masses consist of acute-angled fragments 
of all dimensions heaped one upon another, then wc cannot as- 
sume that the elevations took place in a fi\j\d ot so'i\.eQsi. ^vb-Xe. 
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sume that the solid crust of the earth in Scandinavia' 
189i840feet thick, that the expansion of this crust bybraC 
takes place in the same ratio as in earthen ware ; then, an ace- 
rage increase of heat of 2'9 R. during the space of 100 yeaii, 
Would be sufficient to effect an expansion of 4. S^feet in a stn- 
tum of the above-mentioned thickness. And this is the average 
ratio of the rising of that country. 

Be the cause of the elevation of Scandinavia what it mij, 
this circumstance is remarkable, that in the southern part of 
Sweden, where the country, according to Nilson's statement, 
dnks, secondary formations, viz. chalk, occur in great abund' 
ance, while in the north of Sweden, as well as in Finland, the 
gneiss-granite formation predominates. We must nut, however, 
attach too much importance to the connexion which appears to 
exist between the elevation of the northern part of Sweden and 
the prevalence of the latter formation, as Nilson" sayCthe 
chalk also lies on gneiss, and less frequently on greywacke. It 
is nevertheless remarkable that the granite island of Bomhalm, 
which is situated opjiosite to the sinking coast of Schonett, k 
still in the act of rising, according to the observations of Foret 
hammer above alluded to. 

As regards the sinking of countries, there is no difHcultyin 
regarding it as the result of an elevation of neighbouring couc- 
tries. Yet we can imagine many causes, independent of sac!) 
devations, which may produce depressions. It does not, how- 
ever, lie within the scope of these remarks to enumerate these 
causes. 

It remains to consder the elevations of whole systems rf 
rocks, events which must have taken place prior to the exist- 
ence of our records. There is doubtless no difficulty in also ex- 
plaining these phenomena through the agency of steam. Elie 
de Beaumont,+ however, is of opinion, that these elevations are 
a consequence of the inequality between the cooling of the in- 
terior and exterior of the earth. We shall examine this subject, 
after poindng out the laws that prevail during the cooling d 
large masses of fused matter. 

* Petrifieata Succanu Form. Cr^laceae, Ac. 18*7. P. SI. 

+ Poggpndorff 'e Annal, vol. xxv. p. S5. 
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used above, as it can be conveyed from the va)>our below, 
and if the latter produce a continued elevation, the effect must 
inevitably be regressive. We can therefore conceive it possible, 
under the conditions stated, that the same force, viz, vapour of 
water, which, when in contact with a fused mass, developes its 
whole intensity in a short time, can produce only a gradual 
effect, when in contact with solid masses whose temperature is 
far below that of the vapour. We thus see the possibility of 
fused masses being raised by vapour in a short time, while solid 
masses may be raised very slowly by the same agent, and that 
the latter elevation may go on in a regressive ratio. Lastly, 
it is even possible that a gradual elevation of a solid mass may 
continue, although the elevating effect of the vapour has long 
ceased. For instance., if the subterraneous heating by steam 
continue, and if the heat, communicated to the surface of con- 
tact by condensation of the vapour, be diffused above more 
slowly than it is conveyed below, then it is clear that the solid 
mass supported by the vapour, will gradually be expanded. 

These remarks have shewn that the operations of vapour, as 
an elevating force, may be very various a.s regards the relations 
of time and space, and that its effects depend not only on its 
owTi temperature, but also on that of the masses it has to ele- 
vate, on their relative conducting power, and lastly, on the ca- 
pacity of the apace within which its operations take place. 

We can therefore understand how the slow elevalion of Scan- 
dinavia may be a result of the operation of watery vapour, ta- 
king place in a diminishing ratio, and how therefore this phe- 
nomenon stands in close connexion with the original elevation 
of that country, which is principally composed of masses of ig- 
neous origin. We shall pass over the consideration of the 
question, whether this original elevation took place in a fluid or 
solid state, that is, whether in earlier times tliese masses rose 
suddenly and continued to rise more and more slowly as they 
gradually cooled, or wliether this gradually decreasing ratio 
has always existed. We may, however, be allowed the remark, 
that the slow elevation which still continues when the operation 
of the vapour, as an elevating power, has long ceased, may be 
regarded, according to what has been stated above, as (he re- 
sult of an expan^iion produced by the caloric disengaged from 
■ the vapour during its condensation. Fov ey.am'^Ve, Vs. \»» w^- 
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beyond ihe immediate influence of the impelling force. In a 
former place, I have also shewn, that the seal of volcanic actiM) 
may be looked for at depths far less than Stukeley suppoeea 
But there is no reason to believe that earthquakes could go on 
at greater depths than vulcanic actions. Supposing that the in- 
terior of the earth is still tluid, and that rents conducting water 
extend from the surface to the tluid nucleus, it is easy to con- 
ceive that the actions of the steam may be felt at very remote 
distances. 

We have already pointed out the close connection which 
exists between earthquakes and volcanic eruptions. Von Hum- 
boldt, in his travels near the Equator, gives several examples of 
this. It may not be superfluous to refer here to what this il- 
lustrious philosopher asserts generally wirh regard to these phe- 
nomena, at the end of the 4tli chapter of the 2d volume of 
Part I. Book 2.* 

Every thing seems to shew that earthquakes are caused l^ 
the effort of elastic fluids seeking an outlet. On the coasts of 
the South Sea their action is often communicated almost in- 
stantaneously from Chili to the Gulf of Guayaquil, a distance 
of 600 geographical miles; and, what is very extraordinary, 
the shocks seem to be so much the stronger the greater the 
distance from the active volcanos. The granite mountains of 
Calabria, the limestone chain of the Apennines, the county of 
Pignerol, the coasU of Portugal and Greece, Peru, and the 
continent of America, furnish striking proofs of this assertion.f 
It might be supposed that the earth would be more violently 
shaken, the fewer the openings on the surface which communi- 
cate with the interior. At Naples and at Messina, at the foot 
of Cotopaxi, and the Tungurogua, earthquakes are dreaded 
only when vapours and flames do not issue from the mouth of 
the volcano. In the kingdom of Quito, the great catastrophe 
of Riobamba led many well informed persons to believe that 
this unfortunate country would be less often disturbed if the 
subterranean fire would succeed in destroying the dome of pwr- 



" Bee alsu what Von Bucii sajs cm FeBMEiiu. Geognostische BeobAchl. 
vol. ii. p. 129. 
t Flenriau de Bollevue, Joum. de Physique, t. Isii. p. 261. 
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phyry of Chimborazo, diid if this colossal mountain shouid be- 
come au active volcano. At all times, analogous facts havi 
given rise to similar hypotheses. The ancient Greeks, who, 
like us, attributed earthquakes to the force of elastic fluids, 
brought forward, in support of their opinion, the total cessation 
of earthquakes in the island of Eitbiia, after the opening of a 
chasm in the Lelantic fields.* 

The intimate connection of earthquakes with volcanos is not 
less clearly proved by the direction which the former take. 
With the assistance of a simple instrument (the sismograph) 
invented by Cacciatore, and erected at Palermo, it was found 
in twenty-seven cases that the shock was propagated in a fixed 
linear direction, which coincided renmrkably with the cardinal 
points. In nineteen cases the shocks were transmitted in a di- 
rection from east to west, corresponding with the situation 
of Mount Ettur, the source of all these subterranean concus- 
sions, which lies directly to the east of Pakrmo. In four cases 
it was from south to north ; but,for want of corresponding ob- 
servations, the seat of these shocks cannot be determined ; and 
it certainly does not seem to have been the effect of chance that 
three shocks, which were felt on the 9th February, 30th June, 
and 2d July 18!i], travelled from the south-west to the north- 
east : for it was precisely in that direction, at a distance of 
about 70 Italian miles, that the small new volcano suddenly 
appeared in the sea, probably on the 2d July. The two latter 
shocks were also the very same that were felt with greater 
force at Sdacca, on the southern coast, opposite to the new 
vcdcano.f 

On the other hand, Boussingault J asserts that the most me- 
morable earthquakes in the New World, which ravaged the 
towns oi Latacunga, Riobamba, Honda, Caraccas, Lagum/ra, 
Merida, Barguisimeto, &c. do not coincide with any well esta- 
blished volcanic eruption. The oscCiation of the surface, 
owing to an eruption, is, as it were, local; whilst an earthquake, 
which is not subject (at least apparently) to any volcanic erup- 
tion, extends to incredible distances, in which case it has also 

• Strabo, lib, [. ed. Oxoe. 1807, t. J. \i. BH. 

t F. Hoffinan in Poggend. Ann. t. xxiv. p. 63, 

J Anna), de Chim. et de Phj's. t. Iviii. p. Sit. 
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been remarked that tlie shocks most coninionly {bltowed tfai 

direction of chains of mountains. 

In favour of the hypothesis, that earthquakes are produce* 
by aqueous vapour* penetrating to great depths, the followin] 
circumstances may lie adduced. Firstly, as aqueous vapouri 
supposed to produce volcanic action, it must be presumed ti 
he also the cause of earthquakes. Secondly, some hours be- 
fore the first shock of the tremendous earthquake at Algiers mA 
the neighbourhood, the 2d to 5th March 1825, which entirely 
destroyed the town of Blisa, all the springs and wells are re- 
ported to have been dried up.+ Thirdly, earthquakes, though 
undoubtedly felt even in the centre of large continents, 
to produce their most frightful efl^ects in countries not vei^ 
far removed from (he ocean. But, perhaps, earthquakes nuy 



* A remarliable case which has takeo place aX the iron 'foundry tA Sap, 
proves, that shocks of the earth ma; be several times repeated by (he eSedt 
of elastic fluids. A cyliudcr 14 feet in height,atid 31,395 pounds in weigtil, 
was to be cast. The clay mould having been totally filled up by melted 
iron, the latter broke through the grotud, and penetrated to the deplh of 
25 feet into the sandy soil, consequently II feet deeper than the lo^er 
part of the mould. Some tim.e after an earthquake actuaUy took plM«, 
whieh shook the whole building so violently, tliat the workiaen feared it 
would be seriously injured. About half an hour after, an equally vii 
shock happened, and after more than 24 jiours a third followed. The 
circumstanccH of tliat irou-fouadry lead to an explanation of these ^taoD- 
menn. There are at a depth of 83-24 feet under the ground of 
building, many inclined channels which communicate together, for (hepsp 
pose of eollecling the rain-water. Iminedintely after the shocks, 
vapours issued abundantly from the mouth of the channels. These ' 
were evolved by the heat of the melted iron from the water, being 
ground about 2 feet below the bottom of the chaimela ; and penetnted 
through the joinings of their brick-work. But these joinings being filled nj 
with mud and sand, offered resistance, and consequently the vapours hid 
attain a cert^n elasticity before they were able to penetrate through the 
It is, however, very probable that the vapours, bearing mud and sand m 
them, again stopped up the opening, when their elasticity gradually agi 
decreased. During the shocks, the steam attained its greatest elaa&iCJ 
and thickened the earth which surrounded the heated mass of iron ; 
this circumstance may have impeded a new afflux of water. Therefore, 
the first shock, half nu hour elapsed ; and after tlie second, which stilt 
obstructed the afflux of the water, even more than 24 hours elapsed li 
the third and latest shook took place. 

+ Berzelius, Jahresbericht, 1827, p. 310. 
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ttUo be produced by gaseous exhalations in the interior of the 
globe. At least in many accounts of earthquakes, mention is 
made of the exhalation of gases from rents, produced by 
them,* and the smell of sulphuric acid and of sulphurous va- 
pours, which indicate the presence of sulphuretted liydrogen.t 
These last may have occasioned also the destruction of the fish 
in the sea, and in lakes, during earthquakes ; many instances of 
which are known. The bursting forth of flames from the earth 
and from the sea, which is so often mentioned,! ^^'^ indicates 
ibe presence of inflammable gases. However, although this is 
corroborated by the fire-damp in mines, the disengagement 
of sulphuretted hydrogen while boring artesian wells, and 
the not uncommon exhalations of inflammable gas from the 
earth, yet it is difficult to account for their inflammation. 
This difficulty would disappear, if observation had found flames 
only to occur in really volcanic districts.|| But at any rate, 



• Von Humboldt, Reise, t. i. p. 499. "Von Hoff in Poggend. Ann. t. vii. 
p. 292, t. is. p. 693, t. XXV. p. 76. V. Humboldt believes indeed, that 
daring most eartliquakea, nothing arises froro the earth ; but there are 
on the contrary, proofs that giiaes are often gradoaUy evolved from the 
ground before and after the shocks. Tbe uneasiness of small oniinale, or 
those whose organs of respiration are rather feeble, before and after earth- 
quakes, laad us to infer this. Le Gentil (Nouveau Voyage aiitoiir du Monde, 
t. i. p. 172) has already observed, that animals living in holes, as rats, 
reptiles. Sec, commonly qnit their abodes shortly befom eartfaquaJces. 
codiles quit their pools in the lAaiun, and remove to the continent, Belat. 
Hist. t. V. p. 57. Von Humboldt moreover relates that dogs, goats, and par- 
ticularly hogs, which have a keen smell, and turn up the ground, are sud- 
denly afFocted, and a great number of these latter animuls have been found 
suffocated during the earthquakes in Peru. 

t Von Humboldt, ibid. t. i. p. 484, and t. ii. p. 73. Von Hoff, ibid. t. xii. 
p. 867, t. xviii. p. 46. Bee also PhiloB. Trens. t. xlii. p. 415. 

JVon Humboldt, ibid. Gohler's Phjsiksl. Worterhucli, new edit., t. iii. 
p. 804. Also dunngthe earthquake of Lisbon (Philos. Trans, ibid.) and on the 
island ot MiitteAian (Hist, de la ConquEte des MoUuquos, t. iti.p. 318) the 
bursting forth uf flames is reported to have taken place. 

II Vou Humboldt mentions flames whii^li rise from time to time out of two 
extensive caverns in the ravine of the CHchtamo, This phenomenon was 
accompanied, during the last great earthquake at Caiaana, with a continued 
hollow subterranean noiee. These flames are n-ore specially to be seen 
during the rainy neoiiion. 
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it is guing ratluir too far to take the explusicMi of fire-dunp fbt 
(he cauRe of earthquakes, as Kriee does.* It is not imposiible, 
that what has been taken for tlames, if not altogether an illu- 
■ion, was only an appearance of light, produced by the suddeg 
expansion of highly compressed gases, exactly the sftoie as u 
seen when an air-gun is discharged in the dark. 

The heating and boiling up of the water in the sea and m 
lakes, the spouting up of streams of water, as well as the ejec- 
tion of various substances from lissures in the earth,'}' which 
have occasionally been witnessed, may be satisfactorily ex- 
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* lit Ilia prize-esaaj' uii the uausMi uf enrLliquakeB. 

+ Von HofF Let. xxv. p. 7-% t. xxix. p. 431. At die time of the eutb- 
quakes, wbicli deiitroj'ed a part of /fafy (1703-1703), many rents vSn 
formed in tho Altni^, which etnitti>d a. large quantity of stoneAflnd then 
troubled water. The Intter was thrown up higher than the treed in lh( 
neighbourhood. Flames and a thick smoke rose from the n^j^boitiiig 
hills, which coiitinaed three days with xome interraptiuns. Hist, de I'Ao^ 
an. 1704, p. 10. Dnringthe earthquake, the aiat October 176fl, which touH]' 
deBtroyed the city of t'Hmaim, ilie earth opened at several pluces in the pre- 
vince, and vomited sulphureouti water. These eruptions were particuIarlfDu 
meroua in a plain, which extends lownrdsCtitiiiiay two geographical mlleaeut- 
ward of f«riaa), and which is known by the name of the hMote land f'(lgrn> 
kuKaj hecauae it seems to bo every where undermined by hat spr. 
Von Hamboldt Keise, t. i. p. 482. Daring the violent earthquake, n 
in one minute overthrew the eity uf Caracau, ou the 26th March 1813, M 
much water van thrown up through the eracka, that a new stream was 
ed. At the same time the ground was also found eovered with a iinewiulc 
earth, like volcanie ashes, which had been thrown up from fissores hi tin 
neighbourhood. The eruptione of volcanic masses were stiU more 
derable during the earthquake of RiiAiaBiba., 17^7. Tiie earth was fi 
at innumerable ptaees, and immense gulfs were foi-med in some ; 
Masses of water ruse, filling up valleys 1000 ft. wide, and 600 ft. ind^; 
and also at the same time a peculiarly stinking mnd, consisting of vol- 
canic matter, accumulated so as to form considerable hills, now called n 
Wide rents were likewise opened during the violent earthquake in 
north eossts oi iiotdk Aiaeriea, last year, in order to give exit to streiuii 
water which rose. It was often observed, that during the earthqasta) 
water with sand, mud, &e., was thrown up from wells, sometimes to a hci^ 
of 30 ft. Von Humboldt relates, (RetaL Hist., t. ii. p. 287) that this pbc 
menon is generally observed duriug the earthquakes at Camana. The u 
thing linppened the 1st Nov. 175G near CuioTa (Philos. Trans, t. x 
p. 416.], and xlso during tlie earthquake in Colnbria. (Jouro. de Pbys. liui 
p. 2(13.) 
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plained by the rising of steam and gases, which may have the 
efect either of healing the water, or of throwing out solid 
bodies," The same may be said of the concussions of the 
earth which takes place, sometimes in horizontal undulations, 
sometimes in vertical shocks, and sometimes with a vibratory 
motion, backwards and forwards. The latter of these convul- 
dons, called by the Neapolitans, moto vorticoso, is most common 
during the greatest earthquakes. 

Von Humboldt has proved, by abundant examples, that the 
propagation of earthquakes is not confined to any particular 
rock, but that the most varied formations are equally favour- 
able to it. We infer, therefore, that the seat of earthquakes must 
be below all known rocks. Although all the rocks may be 
agitated, yet the manner of extension of the shocks in them is 
different, according to their particular quality. The earth- 
quakes, which have at different periods ravaged 6'myma,-f 
Messina,* Kingstow^i in Jamaica 1792, the county of Pigne- 
rol 1808,11 Calabria,§ Talcahuano in Chili,^ &c. have always 
had a greater effect on diluvium and alluvium, than on rocks. 
Houses, for instance, built on sandy ground, were demolished, 
while those which stood on rocks were but little damaged. 
The shocks therefore act less violently and destructively on 
solid and rocky ground than on loose soil, which is unable to 
resist, and propagates the shock irregularly. In Calabria, 
where the loose soil occurred lying on granite on the declivity 



• Thus, during the above-mentioned earthquake on the north coast of S. 
Aineriea, columns of Bmoke wyrt seen rising out of tlie sea, a league from 
the shore, and in a depth of aboat 310 ft. ; and in the night, flames wero 
seen igtming from the some spot, which illnmiaated all the coasts of the isliuid. 
After each shock, the sea, retired, left the ships which were in the baj 
aground, and laid hare the rocks to a. great deptli ; the waves at the sama 
time ran to a height of 16 Ft. to 20 ft. Dnring the shocks the earth opened 
and closed again very rapidlj. Whfn tranquillity was restored, a whirlpool 
was observed in the sea, as if the waters were being swallowed up in an 
immense gulf. TIie temperature of the sea in the bay was rMsed, and 
bubbles of gas were seen rising all over the surface. 

t Hist, de I'Aciid. des Sciences, an. 1688. Buffbn Hist. Nat. t, L p. SIE, 
X Spallanzani, Voyage, t. iv. p. 138. || Joum. de PhyB. t. Ixvii. p. 238. 
g Oryktologische Bemerkungen iibor Calabrieu &p., 17B4.' 
H Nautical Magazine, Nob. 49 and 51, March and .lune 1836. 
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uf the hills, the latter tlirew oft' the former, which glideddowo. 
Lastly, there are also instances of shucks extending irregularly 
in roeks.* 

Many instances present themselves of earthquakes, which, in 
extending longitudinally, follow the direction of the rocks. 
This is the cate, according to Pa]assou,-f' in the Pyrenees. Re- 
markable instances tre presented in the phenomena of the 28th 
Dec. 1779 ; the 10th July 1784 ; the 8th July 1791 ; the ZSd 
May 1814, &c. The regions situated more to the south, are, 
however, more alfected than the chain itself.| Earthquakes 
in South Ameriia seem also to follow the direction of the 
mountains. Thus, that at Caraccaa (1812) followed the direc- 
tion of the littoral Cordilkraa from E.N.E. to W.S.W,|| 
That of Cvmaiitt 17!I7, presented an instance of the same fact. 
The predominant direction of the frequent earthquakes on the 
coasts of Chili and Peru, is also that of the large chaiu of the 
Andes, which is parallel to the coast. § All the older reports like- 
wise state, that in these countries their direction is from S. to 
N., or vice versa: and Mrs Graham remarked, that she felt, 
during the violent earthquake in Chili 1822, as if the whole 
ground from north to south were suddenly raised, and then 
sunk again. Von HofF^ has alat) related the circumstance, 
that the shocks of earthquakes are most common in the same 
direction as that of the basaltic masses themselves, and around 
a certain distance on either side of the line in which tbey 
occur. 

On the other hand, there are many instances of the counCrieB 
of Europe having been agitated in all directions, without ha- 
ving been influenced by the mountains. Thus, earthquakes 
have extended from Upper Italy across the Alps to Suntzerland. 
That at London (19th March 1750) followed the direction 
from W. to E., although the direction of the mountains in 



^ Hurghaus' Aliuuuack fur dus Jabr 1B37, 1>. Ti- 
t M^in. pour servir 'n rUUt. Nal. des Pyreu., p. 260. 
t Ibid. p. BIG. II Von Humboldt, Rel. Hist. t. v. 

g That at Cumava followed tlie direction from N. to S., which it 
Ircmul; Buigukr, 1. tit. t. iv. p. 16. 

IJegtIiiclilf dcT Veraiiddruriffiin dcr ErdolierBiiuhe, t. ii. 
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Efigland is from S.S.W. to N.N.E. &c. Sometimes the earth- 
quakes originate from a codidiod centre in a radinting direction 
on aU sides. That of Lisbon (1755), that in Calabria (1783), 
and that at Lima (1746), &c. offer instances of this kind. 

With regard to the earthquakes in South Amerka, it has 
been observed that they occur principally in the mountainous 
countries. The cause which produces them, seems, as Bous- 
singault* believes, to be so constantly in operation, that, if all 
the earthquakes, which are felt in the inhabited countries of 
America, could be noted, the earth would be found to quake 
nearly without intermission. These frequent movements of the 
ground of the Andes, and the slight coincidence between these 
convulsions and the volcanic eruptions, induce us to adopt the 
opinion of Boussingault, that the former are, for the most 
part, inde}>endent of (he latter. He ascribes the greatest num- 
ber of the earthquakes in the Andes to the sinking of rocks in 
the interior, which is a consequence of the former elevations of 
these chains of mountains. In favour of these suppositions, he 
sfSrois that these gigantic rocks have been thrown up, not in a 
doughy, but in a solid and fragmentary state, but that the 
consolidation of these fragments of crystalline rocks might not 
at first have been so firm, as not to admit of some sinking after 
the elevation. He refers to the Indian tradition which pre- 
serves the memory of the sinking of the celebrated mountain 
of Cafjac-Urcit, near Riobamba, the name of which signifies 
the chief, i.e. the highest, of all the mountains near the Equator. 
It is said that the top of this mountain has sunk in consequence 
of a subterranean shock which took place before the discovery 
oi America. At the present time Capac-Urcu is lower than 
Chimboraza. Boussingault alludes to many instances, in which 
it is asserted, that the Cordilleras have sunk. Without taking 
into consideration the inferences drawn from barometrical 
measurements, made by Boussingault and his predecessors, 
which seem indeed to confirm that supposition, we will only 
mention the following circumstances. The French academi- 
cians, who, a century ago, were sent to Quito for the purpose 
of determining the form'of the globe, were very much embar- 
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rassed in their Ntatiuii on Gvaguapirhincka, by the s 
rounding their signals. Now, for many years, no snow has 
been found on the summit of this mountain. The inhabi. 
tants of Popayan also have remarked, that the inferior limit of 
the snow covering the Purace is gradually rising, whilst llie 
mean temperature has remained the same for the last thirty 
years, wlienee Boussingault infers that the Pitrace is sinkii^ 
down. 

That masses thrown up in a state of igneous fusion ank 
again by degrees, in consequence of their consolidation and con- 
traction, cannot be doubted. But even if their elevation hud 
taken place in a solid state, yet the immense masses of the Attda 
have risen from depths, where a pretty high temperature prfr 
vaik. Supposing the J>ides to have risen S4,000 feet Jo 
height, that part of them which is now at the level of the ma, 
must have been before the elevation so many thousand feel be- 
low it. This part brought, therefore,' with itself from beneath, 
a temperature which was "-i't"-" = 470° F. higher than that 
which existed at the level of the sea before the elevation. The 
same holds good of each part of the Andes, in any depth, eo 
that every where in erupted masses the temperature surpassed 
that of the adjacent rocks by 470° F. Whilst now these 
masses gradually lost their surplus of heat, they were contracted. 
But this cooling of these masses can, as far as they are within 
the earth, only be affected by conduction, therefore a long pe- 
riod will elapse for that purpose. That part of the Andes, which 
is elevated above the surface of the earth, and is exposed to the 
atmosphere, will of course cool a little more quickly. If the 
bases of the rocks thrown up be at a great depth below the 
surface, their contraction in consequence of their cooling may 
be very considerable, and as the elevation of the Andes is said 
to be one of the latest, this cooling and contraction may conti- 
nue even at the present time in that part which is within the 
earth. It is therefore possible to conceive that these effects are 
the cause of the frequent earthquakes in the Andes. 

Besides, there is nothing opposed to the hypothesis, that the 
powers, whatever they may be, which produced so remarkable 
a phenomenon as these elevations, may not even now opetate 
in a leas degree, and occasion the earthquakes so frequent J? 
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he Andes. The later these elevations are supposed to have 
taken place, the more probable will suih a hypothesis be. 

If further proofs are still necessary to shew that the causes 
of earthquakes are only to be sought in the interior of the 
earth, we certainly find them in the fact, that these phenomena 
are totally independent of external circumstances. They take 
place whether the sky be clouded or serene, in hot as well as 
in cold weather,* before or after rain, sometimes with rain, 
and sometimes without it. Even the strength and direction of 
the wind seem to have no kind of connection with them.-f- Nor , 
do they seem to be confined to any particular season of the 
year, although it is certainly remarkable, that of fifty-seven 
thquakes which were felt at Palermo during a period of 
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* Many observers allude, indeed, to varintioDtt of temperature of the at- 
mosphere before and after earth i|uake>t ; but, the academicians of I^irin onlj 
Iiavu a,ctuallj made observationa on the temperature in the county of PijMrof. 
(Joum. de Pliys. t. lx\-ii. p. 21)2.) Tliey found that tlieir Ihermometor al- 
ways descended as soon as shoi'IcR had been felt. Thus they felt a vehe- 
ment shock in the morning at half-past ten on the 10th of April, and their 
thermometer descended till noun from 26° to 22°. Infactit is tobe desired, 
that farther ahservatlans should be mode on other occasions, in order to con- 
refute the assertion of so remarliable a phenomenon. 
f The late F. HoSinan in vain endeavoured to discover in the Mel«oro- 
il Journal of the Observatory of PaUrmo (which included a Beriea of 
&om 17112 to 1S32, and vhere particular attention had been p^d to the 
of earthquakes, of which no less tlion fifty-seven had there been 
itely observed) some peculiarity of weather, which might, with any 
of plausibility, be supposed to have been connected with the earth- 
. The same result was obtained by Domenico Scinh in his memoir 
numerous earth([uakes, which, in the years 1818 and 1810, caused so 
ich apprehension in the neighbourhood of the Maduaian hills.— Poggen^ 
lortfa Ann. t. xxiv. p. 50 and 60. In contradiction to this are the traditions 
current in many countries. See among others, Berghaua' Almanaiik, 1837, 
p. 97, and following. There seems to be in faet^ome truth in tho opinion, 
that earthquakes are most frequent and vehement at the beginning of 
rainy weather, and this phenomenon is even ascribed in Jamaica to a locking 
up of the pores in the craat of the earth by water, which impedes the rising 
of gases. On the other hand, cases have occurred in which earthquakes 
were preceded by a long-continued drought. — Borham in the Fhitos. Trans, 
t. xzK.p. 837,y. 1718, and t. xlix. p. 403 ; Relat. Hist. t. ii. pp. 273, 2B1, and ■ 
t. V. p. 15 and 57 ; Ilaps Sloane's Letter with several accounts of the earth- f 
qnake in Peru, Oct. 20. 1 GB7, at Jamaica, lOth Feb. 1668, 7 tU June, 1698 j 
•Odd. y. 1694, p. 78 ; Hist, des Trembl, dc Tene, t. ii. ]>. 442 ; CoUcL-t, 
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forty years, ttlniusi a fourth part happened in the montS 
March.* Perhaps the best ine&Dft of ascertaining whether any 
cannexiun exists between earthquakes and meteorological pbe- 
Domeno, is the observation of the barometer. But Hoffman 
was unable to dincover anything peculiar or extraordinary, 
either in the relative height of the barometer, in the direc- 
tion of its motion, or in the extent of the oscillations, during 
the fifly-Reven earthquakes above alluded to. The oscillatioD! 
never went beyond their ordinary limits; indeed, in most cases 
they were very inconiiiderable.t Von Humboldt also says thai 
between the Tropies, on days when the earth is agitated by vio- 
lent earthquakes, the regularity of the hourly variations of the 
barometer is not disturbed.^ 

If aqueous vapours and compressed gases are the cause of 
earthquakes, tliere can be no doubt that hot springs and ex- 



ui, l<wu cil. p. 52. It ia alao well known that in other conabries, 
especially in Ckili and the Uotuccm, tbe perioda of the equinox, for teaMOM 
of which ve ure ignomnt, ure condidoreil an those most favourable to earth- 
quakes. During the ahuve-uamed poriud of forty years, this taw doea not 
seem to havo lieea applicable to tlie autumnal equiuox in that part of EU' 

t During the earthquakes the barometer stood decidedly oftener above 
the mean than under it. However, Bofiinan remarks, p, 56, that during 
tbe only shock of imjiortanco wiiich occurred in this period at Paltrmo, viz. 
in March 1023, the barometer remained tbe whole month constantly below 
the monthly mean. 

t Reise, t. i. p. 487 ; also Retat. hist. t. iv. p, 19. Likewise Boussingault 
UI Ann. de Cliim. et do Phys. t. liii. p. H2. Other oheervations have also 
proved that tbe huigbt of tlie barometer is totally unconnected with the 
cause of earthquakes, as for instance those at' Don Feliie Castillo Albo, du- 
ring the earthquake iu CAiii in the yearof 1822. See also MeyeQinhis''KeiBe 
um die Erde," t. i. p. 2)0. Those also made in the county of Figiienil ia So- 
my by the committee of the academy of Turin, during tbe earthquakes in 
the year 1808. The state of the barometer was alao invariable, whilst the 
shocks at Liabo-H, tlie 9th December 17^5, were very strongly felt at Turin. 
Philos. Trans, t. slix. Tlie observations made on tbe island of Mdeda, near 
the coast of Lahiiatia, from tbe 1 Stb November 1824 to the 281h February 
1826, which likewise prove, that no connection exists between earthquakes 
and the pressure of the atmosphere, are very important, the shocks felt on 
this island having been the only ones of their kind us regards length of du- 
ration. — Die Detonatiotis-Fbiinomeneauf der Insel MeledavonP.Fartsch, 
Wien, laae, p. 204. 
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tadons of gtea[ii and guses, may act an vents, and thus serve . 
» a protection against them.* 
Indeed, the ancients endeavoured to diminisb the violence oi ) 
■Subterranean explosions by means of wells and excavationa. 
What Pliny ,+ the great Roman naturalist, says of the efficacy I 
of these expedients, is repeated by the ignorant inhabitants of I 
Quko, when they point out to the traveller the Guakos, or J 
clefts of the Pichincha.\ But this is by no means confirmed f 
by experience. 
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^Farther reasons in support of Ike ht/pothesis which allrUmtes volcanic 
phenomena to increased temperature of the interior. 
However distinct natural philosophers may consider the 
causes of volcanic action, and those of hot springs, yet the 
close connexion of these two classes of phenomena refers us to 
one and the same cause. In proportion as satisfactory grounds 
can be adduced in support of any hypothcMis, which explains 
one class of phenomena, so much the more probable does the 
hypothesis appear when applied to the other class. Though i 
the seat of hot springs be concealed .deep in the interior of the | 
earth, and be as little accessible to Immediate observation and 1 
investigation as volcanic action is; yet we may pursue and ex^ 
mine the phenomena of the former on the surface of the eartbi 
and every point of time selected by the observer for this pur- j 
pose proves equally favourable. 

° RoiFmail is inclined to ascribe the rarity and weakness of the earth- 
qoakeBatSeHtMotothenumeronBexhalfttions of aqueons vapours, and to the 
great number of hot Bulphureoue springs, which occur io that neighbourhood, 
compared with other parts of iSicBj, that nre eo often and so terribly vi- I 
sited by these deatruulive phenomena. Poggendorff't .^nnaf. t. udv. p. 70, , 

tLih. ii. c. 82 (ed. Par, 1723. t. i. p. 112.) 

t Von Humboldt, Reise, t. i. p. 491. In Peru, the earthquakes are less ' 
frequent than in Latacuv^, which is ascribed Co the great number of deep 
hollows which intersect the ground in all directions in the ueij^hbonrhood 
of the town. Leonhard'a Taschenbuch, 1823, p. 917. Vun Uoff quotes 
many instances, in which several wells in Rome, Naplei, and Capaa, ari 
to hove diminished or totally paralyzed the effects of carthquakea. B 
my opinion, nn undue importance is ascribed to thia effect of wells, for it 1 
is hardly to be conceived, thai the effects of a cause, existing so deep in the 
interior of the eartb, shoold be modified in any considerable degree, by an I 
opening which penetratea tlip crust of the earth to so dhglit a depth. 
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Their wide distribution, the iovariablsness of their [ 
menn, the evolutions of gases from many of these, present to 
every attentive observer matter of investigation and considera- 
tion on their origin, duration, and connexion with other phe- 
nomena. If, then, we can oucceed in proving that chemical 
procewes can with much loss probability be assigned as the 
cause of their being heated, that, on the other hand, the mofl 
convincing reasons shew that their heat is acquired at the erpenaS 
of the interior of the earth : then will the hypothesis, which o^ 
deavours to explain volcniiic phenomena from the same causes, 
gain no little increased weight. And in fact if hot spring be 
heated to such a degree as to attain the boiling point st a cer- 
tain depth in the earth, we have hut one step to make, by sup- 
posing this heat increased up to the fuaing-point of volcBok 
stony masses, in order to attiihute with equal probability, 
volcanic phenomena and hot springs to the central part of our 
earth. 

I must observe, in the first place, as was formerly re- 
marked, that, by thermal springs, I understand nothing more 
than springs whose average temperature exceeds that of the 
soil at the level at which they rise. It is therefore indifferent 
whether this excess consists in 1° or leas, or in 60° or more. I 
can form no other idea of the meaning of the word thermal 
springs ; at least, I do not know what degree of temperature 
can be laid down as the boundary between cold and thermal 
springs, unless the distinction were to be perfectly arbitrary. 
Thermal springs {taken in this sense), are very widely distri- 
buted over the globe, as I think I have formerly shewn. Nay, 
I am convinced that, if we take any district of nearly equal 
height above the level of the sea, several of the springs will be 
found to exceed in average temperature that of the soil. An 
exception of this rule will certainly only be found in those si- 
tuations where springs arise at the foot of hills more or less 
high, and which have acquired a cooler temperature from the 
higher regions, 

j like Professor Daubeny,* we regard chemical processes 
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going on in the earth as the cause of thermal springs, then must 
these processesbeasuniversally distributed as thethennol springs. 
Those who entertain these views, however, do not surely contend, 
that these processes take place near to the surface, else how could 
we explain the fact, that, in boring Artesian wells, the greater 
the depth, from which the water rises, the higher is its tem- 
perature. As little explanation could be given of the circum- 
stance, that springs risiog in a small district near one another, 
often present no inconsiderable diflFerence in their average tem- 
perature. In proof of the former assertion, I will cite out of 
many other instances that of the hole bored at Rudersdorf near 
Berliti, where water at li^.S F. was drawn by boring to a 
depth of 880 feet ; and in proof of the latter, the numerous 
springs in Paderbom, whose temperature varies from 49° to 
61° F. In the former case, then, these presumed chemical pro- 
cesses must take place at least far below the depth of 880 feet ; 
in the latter they must be supposed to be going on, either en- 
tirely below the situation of the springs at a nearly equal 
depth, or at various depths beneath each separate spring. In 
the previous case, their difterent temperatures would be occa- 
sioned by one spring running nearer, the other at a greater 
distance from, the common source of heat- 

Daubeny speaks, in general terms only, of chemical proces- 
ses J if we may, however, judge from a note,* he seems to allude 
to the same processes as those which he assumes as the cause of 
volcanic phenomena, viz. the oxidation of metals of alkalies and 
earths by water. We may pause a little to consider these hy- 
pothetical chemical processes, as they ought to inform us 
whence the agent, viz. heat, is derived, which is the point in 
question. 

As the presence of thermal springs is so universal, these me^ | 
tals must be equally so. This hypothesis, especially in the ex- I 
tent given it by those who maintain it, viz. that the whole nucleus 
of the earth consists of an unosidized mass, cannot be reconciled 
with the proportionate density of our earth, as I have already 
shewn. Yet, let us admit for a moment the existence of these 
metals in a more limited proportion. Their oxidation requires 
the access of water ; we must, therefore, suppose as many chan- 
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neU to condiK-t thf watei- fnmi the surfai-c a* there are thermal 
■prings, or at least groups of thermal springs. Granting all 
this, the i)upBtion yet remains to l»e answered, why the effects 
uf these subterraneotia oxidations are seen on the surface, in 
and near volcanos only ; and why not even a trace of such pro- 
cesses can be detected in other places, which yet presnit innu- 
uierable thermal springs ? Surely no one will bring forwant 
the scanty evolutions of sulphuretted hydrogen gas fttini sul- 
phurous waters as proofs of such processes. But, were tlie 
conditions necessary for volcanic activity fuIHlled by the acces 
of water to the interior in each of these channels, then would 
the occurrence of volcanic phenomena be much more frequent 
on our earth. Or, it must at least be assumed that they were 
at a former period as universally distributed as thermal springs 
now are ; and that they have left behind a high temperature is 
the interior, which warms the springs, and, as Daubeny also as- 
sumes, extricates from the limestones, in the interior, the carbo- 
nic acid gas so universally present. That this is occasioiisUy 
the case, namely that springs do acquire their heat at the ex- 
pense of volcanic masses elevated at a distant period is certaiii- 
ly true, and has probably been of still more frequent occur- 
rence in former times. I have myself already adduced instances 
of this kind. With the cooling of these masses, however, the 
thermal springs dependent on them must of course also cod, 
and whether this cooling take place in a longer or shorter time, 
must depend on the greater or less extent of those masses. 

After the preceding remarks, the question remains, whether 
it be necessary to assume, in explanation of the universal dis- 
tribution of thermal springs, a volcanic activity once so univer- 
sally distributed ; or whether their existence cannot be both 
more simply and more satisfactorily explained by an increased 
temperature in the interior, which is by no means merely hy- 
pothetical, but is supported by innumerable facts. 

Daubeny says,* " They (the supporters of my views) should 
explain to us why primary rocks, traversed, as they so fre- 
quently are, with fissures of all descriptions, should not in every 
part of the world, and in every kind of situation, give rise to 
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liol springs, by evolving steam from their interior, and why 
they never appear to give issue to that class of thermal waters 
which I have noticed in lackia, as being unaccompanied with 
gaseous products." 

A spring arising from beneath leads us to conclude that me- 
ieoric water penetrates through clefts which communicate low 
down witli the former. The experience gained in boiing arte- 
sian wells shews that a succession of strata is most favourable 
for such processes, and from causes easily explained. In what 
are called primary rocks, however, no such alteration of strata 
is found, because they are not stratified. The usual occur- 
rence, viz. the flowing of meteoric water down inclined surfaces 
of stratification which appear at elevated situations, and the 
rising of this water, by means of natural or artificial channels, 
after having been forced down to a more or less considerable 
depth, cannot then happen in unstratified rocks. It appears, 
nevertheless, that there are granitic rocks traversed by clefts 
more or less perpendicular, and communicating low down. 
Thus at Aberdeen, in Scotland, water has been drawn by boring 
in granite 180 feet below the surface, which, according to Ro- 
bison, came from a cleft filled with sand and gravel, and rises 
six feet above the level of the earth.* Such a communication 
of the clefts low dowHj must, however, occur but rarely. 

If the primary mountain rises above its environs and the 
clefts at its base lie exposed, then will the springs flow out of 
the clefts. Such an origin of springs, which are not naturally 
rising springs, is often observed at the foot of basaltic and tra- 
chytic cones, &c. 

On the other hand, on the Umits between stratified and un- 
stratified rocks, where the latter have traversed the former, 
and where channels extending to a great depth have been form- 
ed in consequence of the contraction of the traversed masses 
during their cooling, circumstances favourable to these rising 
springs exist, and it is easy to conceive, therefore, that thermal 
springs may be found on the limits of these interrupted masses, 
but not in their interior. 

Let us imagine a stratified chain of mountains consisting of 
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several formations in a perfectly horizontal position, whose 
newest portion (jiingstes Glied) is much fissured, and under 
which an impervious stratum lies, then the meteoric waterwill 
penetrate the former fissured stratum, but be retained by the lat- 
ter. As long as this horizontal position remains undisturbed, 
no ri«ng springs can be supposed to e^ist in the whole of thii 
district, and the inhabitants of such mountains could only sup- 
ply tlieir want of water by wells (Senkbrunoen). We will 
now suppose, that at two points of this district, volcanic massee 
are thrown up. and that, in consequence, a partial elevation of 
the strata takes place, as is shewn in the diagram, fig. I. Id 
this case, the hydrographic relations undergo considerable al- 
terations. The consequence will be not only a movement of 
tlie water on the impervious stratum, in the direction of its in- 
clination, but meteoric water will also penetrate at A between 
the older strata, where, during their undisturbed horizontal po- 
sition, not a drop of water could penetrate, and this water will 
continue to flow in the direction of the inclination of the de- 
vated strata.* At B, where these strata are also elevated, but 




to a lower level, springs will commence rising ; and as 
such springs may_be supposed to exist in a district, 
alternations of impervious and pervious strata in these mouo- 
tains. The most copious springs, hoM'ever, will be found be- 
tween the mass that has been broken through and the oldest 
formation ufthesCratifiedmountain,because here, in consequence 
of the contraction of the former mass during its cooling, a cl^ 



" The samo holds good with regard to the springs of fresh ■ 
m tha Schtt'dbiich Alp springs are always found there where 
lalt or basaltic tufiii have been elevati^d on the Jurnrforniatiun. Plieni 
Q Poggendorff's AudbL t. xl. p. 493. 
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i been formed, which receives the meteoric water flowing 
I down on that side of the elevated mountain C, which lies next 
I to the raised strata. The meteoric water which flows down 
■ through the newest fissured stratum, will now as little give origin 
I to rising springs as during its earlier horizontal position. If, 
[ now, after the period of this elevation, a stratum of a new for- 
mation should occur covering the extremities of the older raised 
strata, and extending from B to D, and if, lastly, the new forma- 
. tion contain impervious strata, then the conditions will undergo 
a change. The meteoric water, which penetrates at A, between 
each separate portion, will now all issue in the form of rising 
springs at B, between the elevated mountain and the new stra- 
tified formation which lies at its side. Should any obstacle here 
present itself to its exit, the water will even take a retrograde 
course B D, and issue at D, in which case the water between 
the last formed horizontal stratum and the impervious stratum 
lying under the newest raised ones will unite with it. We will 
not, however, enter into farther particulars, as many circum- 
stances may be supposed to exist which modify the course of 
the springs ; and still more complicated relations naturally 
arise when, after the deposition of the latest formed stratum, 
the elevation and raising are repeated. It will be sufficient to 
have called attention to the circumstance, that rising springs 
can only exist when the originally horizontal position of the 
stratified formations has been destroyed by elevations ; and that 
the most copious springs and those which arise from the great- 
est depths are found precisely at the limits between the elevated 
masses and the raised strata. 

Numerous instances can be cited in proof of this assertion. 
The Pyrenees and jiips present very characteristic circum- 
stances. Thus Pallasou* shews, that not only are the majority 
of the hot springs in the Pyrenees, situated in the great gra- 
nitic district at the eastern side, but also that all the others issue 
only from hollows of the newer formations, where the granite 
rises from beneath, at the foot of the declivities. He shews 
also, that even the degree of temperature of these springs de- 
pends on the greater or less exposure of their source ; for the 



" Mem. pour 



274 Prof. Bisfhof on the Natural Hlston/ of 

Uiprnia] springs iiL-arer the principal granitic mass arc warmer 
while those more remote arc colder. 

Professor Forljca has likewise pointed out, in an interesting 
memoir on the temperatures and geological relations of ceruia 
hot springs, particularly those of the Pyrenees,* that, in the 
departments of the Arriege and the Pyrinics OrieniaUa, where 
granite formations preponderate, in almost every case which 
he has examined, if springs rise in granite, it is juit at 
the boundary of that Jbrmation mith a stratified rock. In » 
great many cases it happens, that part of the springs rise from 
granite, and part from the slate or limestone in contact withit; 
and, he correctly observes, a more striking instance of the im- 
mediate connexion between thermal waters and disturbed straU 
could not be desired. + 

According to the observations of several geologists, the ter- 
tiary rocks in the Pyrenees extend horizontally to the footitf 
this chain, without entering, as the chalk, into the compoatiMi 
of any part of its mass. Elie de Beaumont thence infers that 
the Pyrenies received their position, relatively to the n^i- 
bouring parts of the earth's surface, between the period of the 
deposition of green sand and that of chalk (a formation, whote 
raised strata, according to Dufrcnoy's observations, ascend to the 
ci-est of this chain), and before the deposition of the tertiary 
strata of various ages.J We can very well explain, according 
to this supposition, why the springs in the Pyrenees issue bfr 
tween the elevated granite and the raised strata of slate and 
limestone. The circumstance above quoted from Pallasou, vil. 
that the temperature of springs becomes lower, in proportirai to 
their distance from the principal granite-mass, may perhaps be 
of little importance, since, according to the remark of Forbes, 
cold sulphureous springs are to be found, even within not man^ 
yards of others, having a high temperature, and almost as 
identical mineral composition. Of this he has met with two 
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• Philos. Transact, for 1336, p. 575. 

t At S Saureur and T/mei, we have the co-ordinate, and, as ForbM 
p. 602, rightly thinks, connected phenomena of intraaive rocka, dislocation 
or lissurcs, metallifcroiis impregnation, and hot springs. 

t See Poggendorff'a Annalen, t. sxv. j). 26, also p. 50. 
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mples in very different parts of the chain, one at the Eaux 
B tes, where a perfectly cold spring rises within two hun- 
i yards of the principal hot spring of the place, has similar 
iBicinal properties, and is even more strongly impregnated 
1 sulphur. The other example occurs at Las Escaldaa, on 
f southern declivity of the Eastern Pi/rmies, where a most 
Acious cold sulphureous spring rises within ahout one hun- 
I yards of a hot one. When, Forbes continues, to these 
B we add others scarcely less curious, of springs of totally 
rent mineral composition issuing from nearly the same 
with temperatures from 160' to 180^ Fahr., as we 
t Air and at Thues, we are forced to conclude that the 
e of mineralization must be independent, to a great extent, 
t of high temperature, and that the arguments, as to the 
n of thermal springs founded upon their chemical compo- 
I, must he to a certain degree fallacious. 
»'The origin of the sulphureous waters in the Pyrenees can 
scarcely be sought for in the gianite, since no substances are 
contained in it which can be supposed to produce such 
springs. If such springs are formed by the decomposition of 
sulphates by means of substances containing carbon, as is very 
probable,* then we must look for the origin of the Pyrenean 
sulphureous waters in the secondary formations, perhaps in 
some coal stratum, or even possibly in the tertiary formations. 
Thisinference holds, even if the sulphureous springs are formed 
in a manner opposite to this view. If, now, the origin of the 
springs in question, in other words, if the materials necessary 
for their formation be present in one of the newer parts of the 
secondary formations, then warm or cold sulphureous springs 
will result, according as warm or cold water penetrates to this 
point. The granite plays, then, no other part here, than that of' 
rendering possible the descent of meteoric water to great 
depths, and its re-ascent in consequence of the raising of the 



■ See mj memoir in the Neius Jahihuek Jir C'Aniiio BHrf Phyi. t. vi. p. 251, 
year 1832. The praportionallj large quantity of organic matter in the Py- 
reimtn Hiilpbnreoua epringa (among which that of Bar^gine, an i^ed from 
thp valley of Bareges, is remarkable) speaks but little in favour of their ori- 
gin from mountain pioiluccd by volciuiic file. 
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strata effected by the granite, which circumstance causee tbe 

beating of these wtiterii. 

In this point, 1 think both theoriea agree ; viz, that which 
attributes the heat of springs to chemical processes, and that 
which refers its origin to central heat r for those who hdd 
the former opiniun will doubtless not assign the stradGed for- 
madona as the seat of these chemical actions, but the granite 
or the parts beneath it. According to both theories, then, the 
meteoric water will become warmer in proportion as it a^ 
proaches nearer to the source of heat, which can only be sought 
for at great depths. 

As the subterraneous course of springs is subjected to mao; 
kinds of local impediments, so veins of springs of BimilariHi- 
gin may flow out at points very remote one from another ; aad, 
vice versa, veins of very dissimilar local origin may issue vwy 
near one another. Nothing is therefore easier to conceive, than 
that any stratum in which the materials requisite for the K»- 
mation of sulphureous springs are present, may be traversed by 
aprings arising from very various depths, and therefore posset- 
ing very unequal temperatures, which circumstance would give 
rise to springs of similar chemical composidon, but dissimilar 
temperature. 

Forbes* remarks that the hot springs at Badeft-Baden, on 
the border of the Schwart^wald, have a position almost iden- 
tical with that which we have so invariably remarked in the 
Pyrerites. They occur just where the slate rocks have been 
violently upraised by a curious granitoidal porphyry, which 
forms the picturesque elevations near the Alte Schloas, and 
which passes into a true granite. Upon the slate, red sand- 
stone lies unconformahly. The elevation is among the older 
of M. Elie de Beaumont's systems: he expressly states that 
the Gris bigarri is undisturbed. 

}telative to the thermal springs in the Pennine Alpt, 
Bakewellf remarks, that, according to his observations, the 
exits of all of them lie partly in the primitive mountains of the 
central chain itself, partly, and indeed most frequently, st 
their extremities, at the boundary between the primitive muun- 
tains and the secondary formations. 

t Philoa. Magaiine, Januaiy II 
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H( According to the beautiful investigatinns of De Beaumont, 
^■iro diSerent Bystems arc to be distinguislied in the Alps, viz 
^nat of the Western Alps, and that of the principal chain from 
^^^ ValaU to Austria. Moiti Blanc lies at the point of intersec- 
tion of these two systems, which here meet at an angle of 45°- 
^■0° \ also Leuk. The period of elevation of those two systems - 
^■Ub somewhat late. That of the strata belonging to the first 
^Hntem took place after the deposition of the newest tertiary 
^H^ations of these regions, and that of the strata belonging to 
^^he second system between the deposition uf the earlier dilu- 
^Kjum (des altesten aufgeschu'emmteH Landts) and the flowing 
Hh the diluvial streams, and at the time of the transport of 
^ne erratic Alpine rocks. The most favourable conditions for 
^Hte origin of thermal springs evidently exist when the uprais- 
ing, caused by the masses thrown up, extends to the newest 
^Btomations. Therefore we are justided, under these circum- 
^■Iwices, in expecting to find many thermal springs in this dis- 
^trict, and especially at tliose points where two different systems 
of elevation have intersected each other at ditterent periods, 
and admitted the meteoric water to penetrate to the interior. 
The thermal springs in the Pennine Alps are found partly in 
the direction of the priucijial chain of the Alpti, partly, and 
more abundantly, in the points of intersection of this system 
with that of the Western Alps, and in this last system. Thus 
at Naters in the upper Valais (86°Fahr.); at Leuk (116- 
124'); in the valley of Bognes at Lavey, south-east of Bex 
(113") ; Saute de PucelU, between Mouliers and St Mav- 
rice, in Chamouni ; St Gervai&e on Mont Blanc (94°-98°); 
Courmayeur and St Didier, on the soulliern declivity of 
Mont Blanc (93^) ; Aix les Bains in Savoy (112''-117°), with 
numerous hot springs in the neighbourhood; MouHera in the 
Tarentaise, Brida in Tarentaise, and some at Grenoble. 

It certainly deserves particular notice, that at one point of 
intersection (Mo?it Blanc) so many, and at the other (Leuk) 
the warmest springs are met with. Moreover, many thousand 
springs present themselves, some in tlie glacier streams, some im- 
der the glaciers themselves, and some may be stopped up. Thus, 
most of the above-mentioned thermal springs have been discover- 
ed only since Saussure's journeys ; a few very lately, such as 
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that at Lavei/ in the bed of Rhone in 1831 ; and others ^a 



have become filled 



up. 



Among those which occur in the continuation of the prind- 
pal Alpine chain, I will mention only the two moat celebrated, 
Pfeffers and Gastein. They are distinguished by their verj 
small proportion of solid and volatile ingredients. In fact 
they are scarcely any thing more than warm glacier- water.* Il 
seems to me that these thermal springs, and probably roan)' 
others also in the Alps., resemble exactly those in Iicfna, 
which Daubeny supposes to be purely the result of the infiltra- 
tion of water to spots in the interior of the earth retaining 
high temperature, with this difference only, tliat these spotslie 
somewhat deeper in the Mps than at Ischia, where the 
hot masses approach nearer to the surface in conseqixnce 
of volcanic activity. 

In regions where, after the earlier general elevations, Iflta 
partial fractures and elevations have been produced by vd- 
canic action, remarkable phenomena also present theinaelvc% 
with regard to the existence of thermal springs ; as, fbt inBtanee, 
in Auvergne, and in the vicinity of the Laacher See. 

In regard to the former, it is worthy of remark, that Ihe 
baths of Mont-Dore are situated almost at the geographical 
centre of that group of hills, and also at the position of greatest 
dislocation ; two of the centres of elevation, which Elie de 
Beaumont and Dnfrenoy have pointed out, being found on one: 
side, and one on the other. The springs issue immediately 
from trachyte, which is most remarkably and beaulifnlly co- 
lumnar just at the baths. These columns have an extremely 
slaty cleavage perpendicular to their axes.t Although the 
clay-slate rocks in the district of the Laacher See are very 
sive, and so far unfavourable to the penetration of meteoril 
water to great depths, yet the number of mineral springs hen 
is very considerable. They belong, in general, to the class 
thermal springs, although their temperature is for the m 

• Of the thermal water of Giatein, 10,000 parts rontnin oiily 3.6 s 
matter ; the same qiianlity of wat«r from thu Luttachin^, which flows iin 
diately out under the glacier, contains only 1, and (hat irom the .ilar i 
BfTB only, 2.2. 

t Forbes, loco cit, p, eo7. 
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part but little (ofteD only 1°.5) above the mean of the soil. 
The strata of these rocks are raised, and thereby produce a 
descent of the meteoric water to deeper points ; nevertheless, 
springs of this kind are very rare, where no volcanic masses 
have been broken through. In these rocks slate-surfaces 
(Schieferungs Fliichen) are often found, which do not coincide 
with the direction of the strata, but intersect them at an acute 
angle. These slate-surfaces give origin here and there to mi- 
neral springs, and a copious disengagement of carbonic acid 
gas. 

By far the greater number of the mineral springs there rise 
in valleys more or less deeply hollowed, on both sides of whose 
declivities, conical volcanic rocks, chiefly of a basaltic nature, 
have broken through. Some of them rise immediately from 
the clay-slate rocks, frequently from the cleavage surfaces 
which separate the strata of clay-slate and greywackc, and some 
come from volcanic musses (trass and volcanic ashes) which 
cover these rocks. The circumstance that these mineral 
springs seldom, perhaps never, flow out at the boundary between 
the erupted masses and the fundamental rocks, gives us an in- 
dication where to seek their origin. If the strata of the funda- 
mental rocks A, A, Fig. 2, are inclined from the erupted volca- 
Fig.2. 




nic mass B, thena cleft will be formed to a great depth in the 
interior of the earth at the boundary between this cone and the 
fundamental rocks, in consequence of the contraction of the 
former during its cooling. Down this cleft the meteoric water 
penetrates and meets the streams of carbonic acid gas developed 
in the interior. This latter is absorbed by the water, owing to 
the strong hydrostatic pressure exerted at so great a depth. 
This forms a water impregnated with carbonic acid, which 
effects a decomposition and solution of the stone, and hence 
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ariKS an acidulous spring, rich in carbonic acid and < 
nates. The deeper the nieteonc water penetratrs, the warmer 
it becomes. Hising springs of water are then produced in 
this cleft, through whii:h the concentrated mineral water form- 
ed beneath at r, rises to b. If here the direction of the 
slat^ or stratified surface (Schieferungs oder Schichtungs 
Flache) leads down to d, which either has an immediate etit 
in the section of the valley a d c, or runs at a slight depA 
below the surface, llicn the mineral spring will issue, owing lo 
the pressure of the cohimn of water u b. While the risbjf 
streams uf warm water take the course c b d, the originally 
concentrated mineral water becomes diluted by ihe fre^ water 
fiowing down from above ; the carbonic acid gas, absorbed ia 
great quantity beneaih, is gradually disengaged as the walffl 
rises, and consequently the hydrostatic pressure is dinrinisbqd, 
and thus free carbonic acid gas is evolved at d with the addib- 
loUB spring. It is clear, that the carbonic acid gas, which IB 
constantly disengaged from the rising water during its wb<^ 
course, not only moves on with the water on the surface of the 
stratum b d, but lills all the intervals of the clefts in the whole 
clay-slate rocks, so that the gas will be evolved wherever these 
clefts are open at the surface. If these fissures open above the 
bottom of the valley, and therefore are not filled with water, at 
least not up to tlie opening, then the gas will escape from them 
with a hissing noise. If, on the other band, they open from 
beneath the bottom of the valley, and are therefore filled with 
water, then the gas will escape bubbling through the water, 
and present entirely the appearance of a mineral spring. 
If, lastly, these fissures be covered by alluvium, which, never- 
theless, does not form an air-tight covering, then the gas will 
escape silently from the ground, and such places are recognised 
from the scanty vegetation which exists there. I know but 
one of the first description of fissures in that district, which is 
found close to the first mineral spring called Fehlenbor, in the 
valley of Bnrgbrohl, between Tonnisstein and Burghrohl. Such 
a fissure is found also in the F.tfel, in the Brndddrel^, as it is 
called, not far from Biresbarii. Fissures filled with water, 
from which gas js evolved, are tolerably numerous, as, for ex-. 
ample, in the i alley of Hurghiohl. I foimcrly considered these j 
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HpDts (which are constantly met with in the vicinity of tlie 
Hnooks, and consist of little basins filled with water) tu be 
Hictual mineral springs. If, however, the basin be empiied out, 
Kv the water drained off, it is at once perceived that no water 
Springs up, but that merely an escape of gas takes place. I 
HjlBve had an opportunity of causing such gas-springs to be en- 
^■psed, and found the disengagement of carbonic acid gas to 
^Ut extremely copious.* Fissures, covered by accumulated 
^^^1, are very frequently met with. If such a place preseuts 
^Mlight excavation, in which the gas collects, suffocated animals, 
JB ! birds, mice, frogs, &c., are commonly found in it. 
^V As springs run in the most diiferent directions between the 
^Hrfaces of strata, and through the fissures of the strata, so ak 
^B do these disengaged gases. I have often had occasion to 
Hpuse excavations tu be made, in places where a scanty vegets- 
^pon rendered the disengagement of carbonic acid gas at some 
B|epth probable. Fissures were often met with in the trass, out 
^K which rose abundant streams of this gas. Sometimes uatu- 
H|d canals in the trass were found under a covering of Spharo- 
^iderit, which could be pursued from ten to twenty feet in a 
Hnrizontel direction, or nearly ao, and which doubtless were 
Mrolonged still farther.-f* 

W* If the carbonic acid gas arises from below with considerable 
elasticity, and the cleft contracts very much from b to c, then 
it may easily happen that the meteoric water may penetrate 
but little below 6. In this case, the column of water a b, will 
be as it were supported by the column of gas,} and at the 
point of contact, a constant absorption of the gas will be going 
on. In this manner, probably, are those mineral springsform- 
ed, which abound in carbonic acid gas, but contain very little 
solid matter, and whose average temperature exceeds but little 
that of the neighbouring wells. It must frequently be the 
case, moreover, that many springs which rise from a greater 



• Jahrb. der Chemic et Phys. t. Ivi. p. 129. (1839.) 

+ NeuBH Jiihrbucli de Chem. et Phjs, t. viii. p. 423, year 1833. 

t The rising and falling of the periodic spring of the salt-work at Kit- 

lingeit, is doulitiesa ,i conec'iuenpc of the elasticity of carbonic acid gas. 8eo 

Poggendoilf 'a Ann. t. xl. p. 4t)5. 
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depth, anil therefore are originally warm, become cooled by 

mixture with cooler springs. 

Tile warmest of the mineral springs in the environs of tbe 
Laacher See exceed the mean temperature of the ground by 
7° to ICT Fahrenheit. What is worthy of remark is, that tbey 
rise from the deepest spots of the valley, where, therefore, their 
subterraneouH channels are proporlionably deepest under the 
rock, and possess already a relatively higher temperature. On 
pursuing the mineral springs up the valley, we find that tb«r 
temperature decreases in a somewhat regular ratio.* 

The proporlionably small nimiber of clefts in the clay- 
slste rocks may certainly account for the circumstance, that, in 
the Laacher Sec, the EifeU and the Tattnus, so few springs of 
considerable high temperature occur, though the channels of 
the carbonic acid gas lead down to such great depths, probably 
to points where a red heat exists. Such warm springs may per- 
haps owe their existence to the favourable circumstance of a 
cleavage surface, which intersects the strata at an obtuse angle, 
leading up from the cleft between the volcanic cone and ^he 
clay-slate rock, and opening at a valley, as c d. Perhaps the 
warm springs at Bertrkh and £ms, which rise in deeply hol- 
lowed valleys in clay-slate rocks, are thus produced. 

We may also easily conceive the possibility of obtaining a 
thermal spring by boring. A slight glance at the figure will 
shew that a hole bored into a clay-slate rock in a valley, in the 
vicinity of a volcanic cone, will probably give exit to a thermal 
spring, if the borer reach the surface of a stratum or a slate 
surface communicating with the cleft between the volcanic and 
the clay-slate rock. A successful attempt of this kind w«J 
actually made a few years ago, by boring into the clay-slate 
rock at the foot of the basaltic hill, the Landskrone in the Ahr 
valley, about three German miles north of the Laaclter See, 
when a copious mineral was obtained of the temperature of 
58° F,, affording considerable disengagement of carbonic acid 
gas. Indications prognosticating a favourable result of tbia 
undertaking were indeed present, inasmuch as a mineral spriiiK'i 



* So in the cliiun of limtiiHmonntaina, tlio wdcm epiiugs rlbo Acey ii 
vftUey, the cold acidulous springs on the heights. 
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llready existed at the distance of but i 
spot.* 

Phenomena, perfectly resembling those which are observed 
where volcanic masses have actually broken through, present 
themselves very frequently. A cleavage, reaching to great 
depths, may also be a consequence of a preceding elevation 
and fracture of the component strata, without an actual break- 
ing through having taken place. These phenomena are found 
in formations of all ages. Thus Hoffmannf has pointed out, 
in the north-west of Germans/, some peculiar valleys which, , 
originally perfectly closed, are surrounded on all sides by a 
precipitous escarpment, whose component strata incline from 
the centre downwards in every direction. He has given to 
these valleys the name of valleys of elevation. The most re- 
markable of these, are those of Pyrmont, Meinberg, and Dri- 
burg, where the well-known chalybeate springs rise, accompanied 
by a considerable disengagement of carbonic acid gas. Pyr- 
mont and Meinberg lie precisely at those places where the di- 
rections of the north-eastern system of mountains and of that of 
the Rhine intersect. 

Here, therefore, we find also a considerable disengagement 
of carbonic acid gas ; yet no volcanic masses which have broken 
through ; but only the secondary strata of shell limestone, 
of keuper and variegated sandstone, raised up and fractured. 
The mineral springs are of another kind, and the alkaline 
carbonates are wanting, while sulphates and metallic chlorides 

" A joint-stock company is also at this inoment employed in boring into 
clay-slate roclc at Thiil--Elireiilireititei>i, near CoUentz, in order to procure ther- 
mal springs. Since this spot lies scarcely two German miles distant from 
the well-known hot springs of the temperature of 7fi° to 131° F. at Emt, and 
at a lower level, and since on acidulous spring already exists lliere, the 
possibility of the success of this undertaking is as little to be despaired of, 
OS a favourable result can be promised. Leop. von Buch's remarks an this 
subject in Ntiggeraths Ausflug nach Bijhmen. Bonn. 1833, p. 5. The in- 
stance of the salt work of NaueiAeini, near Friedberg, where a salt-spring of 
100° F. with immense disengagement of carbonic acid gas was obtained bj 
boring, proves that success is more likely to attend by boring into second- . 
ary formations, where a more frequent alternation of various strata existo. 
At HofyeamaT, near Cattd, a new thermal spring with copious disengage- \ 
ment of carbonic acid gas was also obtained by boring in May 1834. 

+ Poggendorflf's Ann. t. xrii. p, 151. 
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supply iheir place. We may easily explain this by the ab- 
sence of rockx tonliiiiiing alkalies; for instance, basalt or aoy 
other volcanic rocks. The clefts produced by these fracturefi 
reach certainly to great depths ; carbonic acid gas may be 
evolved from them, but its elasticity seems to prevent the pene- 
tration of meteoric water. The mean temperature of the 
mineral springs there, exceeds, therefore, but little that of the 
place of their occurrence. This is espcciallv the case with the 
mineral springs at MtAnberg, whose considerable annual vaiifr 
tions of temperature prove that they take their ori^n vefj 
near the surface. The considerable elasticity with which tte 
carbonic acid gas escapes, and which is greater than I have ob- 
served at any place where gas is evolved, prevents, no doubt, 
the deep penetration of meteoric water. Moreover, we may 
remark, that the inclination of the strata, from tlie centre 
downwards in every direction, carries the meteoric water away 
from the seat of the evolution of the carbonic acid gas. Even 
supposing, then, that the water could penetrate to the depth of 
the channels of carbimic acid, it would not rise, owing to the 
absence of the pressure of a column of water. The section of 
the valley of elevation of Pyrmont, taken from HoffiximHi'B 
work. Fig. 3. distinctly shews the inclination of the strata at^ 
Fig. 3. 



f d, "J', gh,ik,l m, from the centre downwards. 

It is possible that the raising and fracture of the secondary 
strata in such valleys of elevation, was the consequence of the 
elevation of volcanic masses from beneath, which masses ha^e 
not appeared at the surface. Supposing this to be the case, we 
can easily imagine that at such places mineral springs may be 
produced which contain carbonates of alkalies, because the mete- 
oric water only can penetrate to these masses. But the low tem- 
perature of the acidulous springs in question, shews that me- 
teoric water penetrates to very small depths only at these 
pl.ce.. 
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Valleys of elevation of the kind described seem to be of 
tolerably frequent occurrence ; thermal springs and disengage- 
ments of carbonic acid gas are not, however, always met with, 
either for want of sufficient depth of the clefts, or for want of 
materials which give rise to the disengagement of carbonic acid 
gas. Instances of three of such valleys at the eastern end of 
the basin of London, are given by Buckland.* See also his 
and Conybeare's-f- description of the structure of the country 
at St Vincents rocks; and the example at Matlock long ago 
pointed out by Whitehurst.J Many other instances of this 
kind occur in Daiibeny's report. || StifftJ also has long ago 
shewn, that the rocks in the neighbourhood of the mineral 
Siprings of the Nassau teiritory manifest evident changes in the 
direction and inclination of their strata, especially saddle-shaped 
elevations, often accompanied with fractures. 

Finally, dislocations or faults produced by elevations and in- 
tersecting stratified rocks, may direct the subterranean course 
of springs in a very different manner. BucklandU has given 
many instances t.f springs originating from causes of this 
kind. 

If we take a summary view of all that has been said on the 
subject of thermal springs, we shall find it impossible to avoid 
recognising a relation between elevations of Plutonic masses, 
the upraising of Neptunian formations, and thermal springs. 
Cause and eftect have, however, been frequently confounded 
here. Thermal and mineral springs are seldom, perhaps never, 
the cause of those effects. Where, however, these effects are 
observed, where, in consequence, the penetration of meteoric 
water into the interior of our earth has been rendered possible, 
and where natural hydraulic tubes have been formed by the 
upraising of strata, there the phenomena of thermal and mineral 
springs were the consequence. 

We should transgress our limits, were we here to pursue the 
subject of thermal springs in their chemical relations, since the 



' Geological TransacL see, ser. vol. ii. part i. p. 119. t HtlA. vol. i. 

X Theory of the Earth, 1786. II P. «6. 

§ Rulhnaim Wiesbaden, Ate. 1823, fi. 103. 

TI Goologj and Mineralngy, &c. London 1836. Vol. ii. p. 106 and 110. 
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g«nml aim of those remarks is to shew that their degree of 
heat depeniU on the greater or leas depth of their ongin, 
Heiiiieiitly wholly and solely on central heat. The followii^ 
remarks, however, upon their chemical constitutioii, m&y p» 
haps not be entirely auperfiuous, 

The chemic^ ingredients of those springs which take tbEu 
origin at the boundary between volcanic and Neptunian fotnu* 
tionH, arc derived in some springs from the former, in olhers 
from the latter formations, in others again from both. Tbc 
following conjecture is probable. If conctiderable quantities d 
carbonate acid gas are disengaged from the interior, whidi are 
absorbed under strong hydrostatic pressure by the water, and 
thus act on the volcanic stone, decompositions ensue. The it 
kolies which are found in all stony masses of igneous origiD,. 
extracted by the carljonic acid, and taken up by the voter u 
carbonate of alkalies, and especially carhooate of soda, 
the same manner are fonned the bicar bona tes of lime, magnenh 
and of protoxide of iron. Metallic chlorides and sulphatesmif 
perhaps be less frequently derived from volcanic matter, 
more so from the Neptunian formations. In this manner pnn 
bably are formed the great number of springs, which rise ia 
the neighbourhood of basaltic hills. Where there is no disen- 
gagement of carbonic acid gas from the interior, no such 
neral springs are found ; at least we cannot assume that in tUf 
case the volcanic rock contributes any thing essential to Ik 
constituents of the springs. Thus, probably, neither in 
Pyrenees nor Alps do the springs take up any thing essen 
from these rocks. The circumstance, that springs of very 
rious chemical composition arise in the vicinity of the graniK 
of different mountains, might here serve as an indirect proofr 
At the same time, the nearly similar composition of the ^rii^ 
occurring in the neighbourhood of the basalt cones, wherei 
bonic acid gas is disengaged, however different may he 
Neptunian formations, is an argument in favour of these spri^ 
deriving their ingredients principally from the basalt. 

The organic matter found in such abundance in the suljibc 
reous springs of the Pyrenees (baregine, glairine, anima] mi 
ter) proves, that their chemical constituents must be derivd 
at least in part, from the Neptunian formations. Since no cbA 
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may, indeed, suffer but slight decompositions. The formation 
of the sulphureous springs there, probably by the decomposition 
of sulphates by organic matter, is certainly much favoured by 
the high temperature of these springs ; and this again is a con- 
sequence of the greut depth, to which the clefts extend in the 
strata, which are piled up one on another in considerable 
masses, and partly raised up, with many strata-surfaces be> 
tween them. The coincidence of various circumstances m«J 
thus produce one claw of thermal springs in preference to 
another. 

In the Alps, where, on account of the absence of escapes of 
carbonic acid gas, decomposition of the granite and other vol- 
canic rocks does not take place, and where even the Neptunian 
formations contain few soluble substances, we tlnd thermal 
springs, which are scarcely any thing more than ordinary WBurm i 
water. I 

On the other hand, we see thermal springs issuing, to all ap- 
pearance, from erupted masses, which springs contain ingre- 
dients apparently peculiar to those which can be proved to issue 
from Neptimian formations. This is, for instance, the case with 
the salt-spring, which rises at Kreusnach out of porphyry. This 
rock is but little fissured, and yet the high temperature of the 
springs, 58° to 83°, indicates a deep origin. Since the por- 
phyry has penetrated the variegated sandstone, the latter, and 
also the shelly limestone, lie in close contact with the springs, 
BO that this volcanic rock has no other share in the formation of 
these springs, than the production of deep clefts between itself 
and the Neptunian formations, which have permitted tneteoric 
water to penetrate into the strata containing the salts. We 
must not pass over one circumstance, which induces us to at- 
tribute to these saline springs a totally distinct origin, viz., that 
sulphate of lime, which otherwise so generally accompanies the 
common salt, is here entirely absent, and that these springs are 
remarkable fdr their abundance of bromine and iodine. 

Aa escapes of steam (fumaroles) shew themselves in regions 
il'uscany for example) where hot masses have approached the 

-face of the earth by volcanic activity, one might perhaps be 
■mliiced to expect evolutions of steam from clefts penetrating 
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ticep into tlic interior. It must, however, be observed, that be- 
tween thesi' two cases a wide difference exists. In rcgioni 
wlicre volcanic notion still manifests itself, clefts can with eiH 
extend in masses which are of a boiling heat or even hotter. 
Meteoric water penetrating these clefts will be converted into 
vapour and exhaled. Were, however, such a phenomenon to 
shew itself in regions where the increase of temperature foUowi 
the progression, which we have found it to do in accessible 
depths, then nmst such clefts extend perpendicularly to a depdl 
of about 8280 feet in our country. But are any rocks, even 
the unstratilied masses, traversed by continuous clefts oF » 
great a depth ? In granite the prismatic separation is verj 
frequent. The columnar structure is most distinct in basih, 
aphanite, and all dense and homogeneous rocks. The columBB 
are sometimes traversed and disjointed by traverse clefts. The 
surfaces of separation {Absonderungs Flachen) in the smaller 
masses, always lie perpendicularly nn the adjacent ones, as (Id 
also the columns, when present. l.,et us assume that such i 
jointed separation extends to the requisite depth, and that me- 
teoric water penetrates so far, and then it will certainly rije 
converted into steam ; when, however, it attains the liigber 
colder regions, it will become condensed again, and resume die 
same course or circulation. 

Since the volcanic masses, when thrown up, form, generallji, 
the greatest heights, we must look in them for the compresong 
columns of water, which render the rising of the springs po* 
ble. The possibility of such a case is conceivable, when tbe 
surface of the unstratified rock is inclined in one or more 
tions, and the columnar separations are jointed by transvei 
clefts. It is, however, even then, possible only when the trai 
verse clefts have no continuation outwards, for in this case t 
water will take a side course, and either issue on the slope, 
the rocks as springs, or, if raised strata exist, it will take t 
course designated in the preceding remarks. Tlieae two I 
cases seem to be the most usual, as the circumstances above* 
plained prove, viz., that thermal springs most frequently P 
sent themselves between the unstratified and stratified rocU 
I have imagined the last case, in order to exhibit the possibili^ 
of hot springs rising in the Alps, when water descends 
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^■wat heights to the interior of the rocks, flows through warm- 
^Kfitrata of earth, and then makes its exit in the valleys. It 
^Bdear that such springs merely flow from above downwards, 
^Ben the raised strata make their appearance externally, but 
^Bkt they wilt, on the other hand, rise again, if the strata are 
^■iraised in the form of a trough on the opposite side. 
^^U*henomena lately observed, may perhaps present cases, where 
^K effect of the internal heat of the earth nearly approaches 
^^B surface. Marcel de Serres,* for instance, describes a cave 
^Bir MontpeSier, situated in the Jura limestone, in which, at 
^nths of iSS and 150 feet, a constant temperature of 7S°.5 F. 
^fcrails, which exceeds by lO' the mean temperature of Mont- 
^H^ier (6S°.5). He shews that no accidental circumstance, 
^Hj^ as decompositions, the burning of tapers, or the respira- 
^BD of those who visit this cave, can be the cause of this phe- 
Htoienon ; but believes it is to be sought for in the central heat, 
B|lich rises through clefts and affects one point more, another 
HCacent one less. Thus, at the distance of about 1200 feet 
^Bdi this cave is found a cleft in the same formation, from 
Hpich issue watery vapours, whose temperature, 7^^.5 (that of 
^Be external air being 52°-54°.5), is nearly the same as of an 
Krtesian well close in the vicinity of the cave (TO^-TS'). These 
K^iours, which probably rise from thermal springs existing 
^■teieath, are constantly disengaged, and maintain a tempera- 
^we of 7S°.5, though in constant contact with the external air. 
^Bbe cleft from which they issue, communicates with other 
spider clefts, which expand into caves, into which the inhabi- 
Htnts of the estate of Astier have already penetrated. The la- 
Kourers on this estate are in the habit of warming themselves 
^Hetty frequently in the hole where these vapours are formed, 
^bn examination, this vapour has all the purity of distilled 
■rater. At an earlier period there existed, at the distance of 
ISO to 180 feet N.E. of the grotto of Astier, another opening 
from which an equally warm vapour was evolved, which could 
be perceived at some distance off'. This opening has, however. 



" Des Cavernes chftudes dea 
■t de Phjs, t. Ixv. p, 280. 
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been since filled up. This constant vaporization of water, in the 
□liddleof the §Bnie rock in which the cave is fouDd, shews pretty 
evidently the cause of the warmth in the latter. 

It is scarcely to be doubted, but that, on closer investigation, 
the phenomenon of local heat in caves in the limestone rockBi 
which are fissured to such great depths, would be found to be 
of more frequent occurrence. The spring of the Orbe in the Jura 
mountain, formerly mentioned, which is nothing more than tbe 
discharge of the lakes situated 680 feet higher in the valley of 
the Joux, proves, among others, to what a depth the clefts id 
the limestone rocks descend. 

The whole ridge of the chalk hills of the Teutoburger WM 
near Paderbom,is fissured to depths exceeding SOOfeet, so that, 
on this whole ridge, either no springs at all, or but a few very 
scanty ones, are met with, which probably owe their existence 
to partial beds of marl in the chalk rocks. In three villager 
which lie on this ridge, there is but one well 80 feet deep. On 
account of this almost total want of water, these are called the 
" Dry Villages." The cleavage continues in the valleys which 
traverse these hills, consequently the brooks and rivers which 
flow through them gradually sink and flow out of the opsi. 
ings of these valleys only in the wet season of the year. At 
the foot of these chalk hills on the other hand, where the fissured 
limestone is covered by a stratum of marl, a very great num- 
ber of copious springs issue, several of which form consideraUe 
rivers, as the Lippe, Pader, Heder, he, immediately after thdr 
exit. The cleavage of the chalk rocks is doubtless continoed 
in the Quader Sandstein, which lies below and probably is li- 
mited by the lias {gryphitenkalk) and variegated marl, wludi 
follow immediately below the green sand, and which are re- 
markable for their large strata of clay marl (thonmerg^, 
that are impermeable, unless broken or dislocated by ^ 
vations, This whole chain of hills, then, from the clay-mad 
strata to the level of the springs which issue on the 
declivity of the Teutoburger Wald, is, therefore, saturated 
with water like a sponge. Not merely geognostical 
but also physical relations, furnish incontestibte proofs 
the existence of these considerable subterraneous reservoirs 
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water. For instance, while the water of the above-mentioned 
dnking brooks and rivers penetrates into the interior of the 
hills with the variable temperature of the season:^, the waters of 
the numerous springs of Paderbom, whose mean temperature is 
50°.6 F, and exceeds the mean temperature of the soil by about •■ 
1°.7) present already a uniform degree of heat. Thus, on the 
31st May 1834, I found the temperature of the Alme at Bren- 
ken, where considerable masses of the water of this river flow 
down through the clefts of the chalk, to be 63°, while the springs 
at (ieseke, at the distance of 22,000 feet, which doubtleas re- 
ceive their supply from this river, were of the temperature of I 
49" to 51°. The miller there, whose mill is turned by one of 
these spnngs(what is calledthe Volmeder spring), told mehe had 
often opened the holes found on the banks of the Alme, and let 
in as much water as would have been alone sufficient to turn 
his mill, but that he never perceived the slightest increase of ] 
the streams. This also proves the great extent of the subter- 
raneous reservoir of water, whose discharges are not percepti- 
bly increased by an addition of water. If, indeed, these addi- 
tions are continued by continued wet weather, and the level 
of the subterraneous reservoir rises, then, not only will those 
springs become more copious, but water will also issue from 
high-situated channels, which contained no water during the 
dry season, Lastly, the same miller assured me that the 
muddiness of his mill-streams by no means depended on that 
of the Alme, since they always become so after rain. Opi- 
nions were, however, divided on this point, as other inhabit- 
ants of Geseke maintained , that, within twelve or sixteen hours 
after rain, the Mme became muddy, and the Volmeder springs 
became so t<x>, while this had no influence on the springs in the 
town. Be this as it will, thus much is certain, that all the 
springs there do not become muddy after rain, but that many 
always remain clear, as the warmer among the Pader springs. 
This circumstance is also a satisfactory proof of the great ex- 
tent of the subterraneous reservoir, because, notwithstanding 
the fact, that the sinking rivers and brooks, as well as the rain- 
water and snow-water, which penetrate into the fissures of the 
. fissured rock, are all muddy in rainy weather, yet the warmer 



Pruf. Bitchuf on the Natural History of 
; thow iXHiBequently which rise from a greater depth, run 



I 



t instituted some experiments in order to 
it be the extent of a single mass of water, which K- 
tUDB a uniform lemjKrature, when a given quantity of waUl 
is added to it, whose temperature varies with the variable tem- 
perature of the rivers of our latitude, and when from it is <K»- 
charged an equal quanlily of water, whose annual Tariations of 
temperature are limited to those observed in the coldest of die 
Pader springs." The water- district (Wassergebiet) of these 
springs is about 316 millions of square feet, and the quantity 
of water which they afford in one minute 16,5^0 cubic feet, ac- 
cording to measurements, as accurate as the nature of the thing 
would admit. It was calculated, from these numerical data, 
that a mass of water, 120 feet in depth, must be present in this 
district where the springs rise, if all the water which sinks h«e 
in half a year produce an alteration of temperature of 2°.25 F., 
presupposing that a mean difierence of SS°.S exists between the 
temperature of the water which sinks, and of that which lies 
in the fissured rock. Since, however, the presupposition thatoS 
the springs in Paderbom undergo this variation of tempera- 
ture of S^.Sd in a half year, applies only to those whose average 
temperature does not exceed 50"". 6 F. ; while the warmer springs, 
which are by far the more numerous, exhibit no variation of 
temperature during the whole year; the size of the subterra- 
neous reservoir must be much vaster, if such considerable quan- 
tities of water of a untfbrm temperature flow from it, whik 
the water, which sinks and is added to it, suffers variations of 
temperature dependent on those of the atmosphere. 



■ It is really a remarkable feet to see so eonsiderable a number of spring* 
rise in so small a compoHB as the lower port of tbe town of I'aderbor^, 
Their number ia said tu amount to 130, several of which constiintly appmr 
close together, often at the distance of but one or two paces, and imm^ 
diately form considerable brooks, which by their union form the PaderfHi 
large a river, that its different branches turn no less than foarteea nnderBho^ 
water-wheels of the town situated near together. Almost equally lap. 
masses of water, howevei', derive their sources from LippspHug, ICireki 
dun, and Ujitpning, not to mention the many other springs which lie d! 
persed at the foot of thai diain of hills. 
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Calculations of this kind can, from the nature of the subject, 
give but approximations to the real size of that of which we 
could otherwise form no estimate at all. The preceding cal- 
culation shews, at least, that all the clefts and caverns in the 
chalk rock of the Teutobiirger Wald must be filled with water I 
from the level of the springs, down to some impermeable stra- I 
turn. How otlierwise can we explain the fact, that consider- I 
able quantities of water of the varying temperature of the at- I 
mosphere constantly sink into the rock, and that as consider- I 
able quantities flow out at the slope of the rock, presenting a ] 
uniform temperature, or at all events one which varies only I 
^°.5 Fahr. in a whole year. Since the conjecture is probable I 
that the lias and the variegated marl present the first entirely j 
impermeable strata, we may also conclude, that not only the I 
chalk formation, but also the green sand, which is equally fissur- 
ed, are filled by the reservoir, and that its Imttom is formed by 
tbe above-mentioned impermeable strata. Lastly, the high tem- 
perature of what are called the warm Pader springs (64°,5— 
fil°.25 Fahr.) indicates also an origin from a greater depth, 
if they do not flow in distinct channels, but come from warm 
streams, which rise from the base of the reservoir. 

The copious springs, which rise on the western declivity of 1 
the Teutoburger Wald, owe their abundance of water, even in 
dry seasons, to these vast subterraneous reservoirs ; and what is 
derived from these reservoirs, is abundantly replaced in the 
rainy seasons, when nearly all the water collected in a district 
so much fissured, penetrates into the interior. , 

These large masses of water, whose temperature exceeds, by J 
several degrees, the average one of the district under which 
they are collected, and which bring so much the more heat to 
their surface the deeper they penetrate, have doubtless the ef- 
fect of warming the hills under which they exist. It is there- 
fore perhaps a phenomenon of universal occurrence that all chalk 
hills, which are much fissured, and into which brooks, rivers, 
and most of the meteoric water sink, maintain a relatively higher 
temperature. The Pader springs alone, however, shew how in- 
exhaustible must be the sources which warm such vast masses 
of water. These springs furnish in a year at least 8688 mil- 
lions of cubic feet of water, whose average temperature exceeds 
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by at least 6°.7ff Fahr. the average temperature ol the ground 
at Paderbornj and this excess would melt a cube of ice, having a 
side of 984 feet. This heat is irrevocably withdrawn from die 
interior, and yet the thermal springs of Paderbom have sustain- 
ed no diminution of heat from time immemcmal.* Chemica] 
processes, which could there give rise to such inexhaustibk 
sources of heat in the youngest secondary formations, must be, 
or have beoi, carried on to a great extent indeed ! 



^ By far the greater nnmber of the remaining copious springs, idiich 
rise on the western declivity of the Teutcbwrger Wdld, are also thermal ones. 
Some, for instance, in Lipptpring attain a temperature of 54*.6. 
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CHEMICAL THEORY OF VOLCANOS. 



L Professor Daiibeny* has replied to ray objections to the 
lemical theory of volcaiios, with that fairness which might 
texpected from a scientific man, who only looks to the topic 
Ethe discussion, not to the opponent. Venturing to con- 
^e the discussion on this subject a little farther, I by no 
las wish to forget the merits of a naturalist, who has dis- 
ished himself so much by his description of active and 
inct vcrlcanos, and by a variety of valuable memoirs on 
pilar subjects. I feel happy to meet with such a man in 
^ very same field of science, and I hope that the differences 
Four opinions will become less considerable, the more they 
a explained. 

The chief question is, whether the internal heat of our 
lobe is sufficient to account for volcanic phenomenal or, 
Jiether the supposition of intense chemical actions explains 
Kem in a more satisfactory manner? As for the internal 
leat of the earth, 1 am of opinion that it may not be eon- 
' sidered as an hypothesis, but as a fact well grounded on nu- 
merous phenomena. Granting this, it must be imagined that 
the rocks of the earth are, at a certain depth, in a liquid ig- 
nited state. Indeed, it is well known that, by volcanic action, 
melted masses (lava) arise from the interior, and that, on 
slowly cooling, they produce rocks such as basalt, trachyte, &c,, 
forming a considerable part of the external crust of the sur- 
face of the earth. The chief explanation of volcanic pheno- 
mena depends, therefore, according to the theory alluded to, 
upon demonstrating the means which nature makes use of to 
bring such melted masses to the surface of the earth. In ray 

* Jameson's PhilosopMcal Jonmal, vol. xivi. p, 291. 
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former publications in this Journal concerning lire natural 
history of yolcanos and earthquakes, 1 flatter nij-self that 1 
have shewn, as far as it is possible to elucidate a subject which 
is beyond the limits of direct observation, and which can fcr 
the roost part only be mentally appreciated, that watery »»- 
pours may be supposed to be the means by whieb natnre is 
able to carry melted masses from the greatest depths to the 
surface of the earth. Any hypothesis endeavouring to explain 
the volcanic action, must embrace watery vapours or other 
elastic fluids, in order to account for the rising up of lava. 
The theory in question, consequently, reduces the exphinatioD 
of the [thenomenn presented to the most simple point 

Let US now consider, somewhat minutely, the theory wbidi 
ascribes volcanic actions to chemical processes taking place 
between bodies having a powerful affinity for each other, and 
by which so considerable a heat is produced as to melt lava. 
First, the advocates of this hypothesis must be asked, whethw 
they are inclined to deny a hijrh iutcrnal heat of the globe in- 
creasing with the dejith to the point of melted lava, or 
whether they suppose chemical chanijes supported by this in- 
tense temperature ? Admitting for an instant the former case, 
all the heat required to melt lavas must be produced by theie 
actions. Professor Daubeny seems to be inclined to suppose 
this ; for, to my objections that these metals are not sufficient- 
ly oiiidizable to kindle on the access of water, he replies, that 
silicon is combustible when united either with a little hydro- 
gen or with alkaline carbonates, and that calcium and mag- 
nesium appear to be still more inflammable. The Professor 
seems, therefore, not to consider the internal heat as a co- 
operative power, but to think it possible that the metals, even 
at a common temperature, generate heat enough, by combm- 
ing with oxygen, to melt the produced earths. 

It is scarcely possible to confirm or to refute thta 
in an experimental way. Indeed, the combustion of a mil 
ture of the earthy and alkaline metals, in such proportions 
are contained in lava, would give a satisfactory conclusion onl] 
by applying these metals in such large quantities, that tlu 
heat absorbed by surrounding bodies should be insignificant 
proportion to that which is generated. Supposing, on the 
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other haiul, that the advocates of the hypothesis presented, 
allow the existence of a central heat supporting chemical ac- 
tions, it would not be difficult to conceive the melting of 
lavas. 

I shall not pass from this subject without adding, that this 
hypothesis does not necessarily require the volcanic actions 
at very considerable depths below the surface of the earth, 
but merely where the earthy and alkaliue metals were pre- 
sent. This circumstance may perhaps be viewed as more fii- 
vourable to the hypothesis in question than to the other, which 
assumes a central heat, and consequently considerable depths, 
for volcanic actions. But are there grounds for supposing that 
the place where these actions are developed is near the sur- 
face of the earth ! On the contrary, all volcanic phenomena, 
both the eruptions themselves and earthquakes, afford de- 
cided proofs that volcanic actions are peculiar to a spot very 
deep below the surface. As to this subject I refer to my for- 
mer pubhcations. 

The theory of Professor Daubeny supposes the existence, 
near and about tlie focus of a volcano, of vast caverns, caused 
originally by the heaving up of the softened rocks, owing to 
the elastic vapours disengaged, and consequently filled in the 
first instance by these matters. Granting the passages be- 
tween these caverns and the external atmosphere not to be 
hermetically sealed during the state of rest of fhe Tolcano, 
air must enter into them. But it is obvious that, on the he- 
ginning of the volcanic action, particularly on the heaving up 
of the lava, those passages must be completely interrupted ; 
therefore, only that air which formerly entered the cavities 
can act on the earthy and alkaline metals supposed to be in 
their vacuity. This effect will consequently be limited, and 
finished as soon as the oxygen of this air is consumed. In 
order to gain a distinct notion of the quantity of air requisite 
to produce a certain quantity of lava by oxidation of the earthy 
and alkaline metals, let us make the following calculation ; 
Let us take, like Professor Daubeny, for instance, the analysis 
of the lava from Etna given by Dr Kennedy. According to 
the calculation given by the former, 58 parts of the metallic 
bases of this la\a require 42 pai'ts of oxygen to give 100 parts 
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of lava. lOU parts of atmospheric air, contaiQing 23.32 puts 
of oxygen by weight, 100 parts of lava will require 180 parts 
of air by weight to be produced. Lava being 3.2 times heavier 
than water, and water being 770 times heavier than atmo- 
spheric air, lava is consequently 2464 times heavier than the 
latter. Therefore, the production of 1 volume of lava will 
require 4435 volumes of air. In my former papers, I have 
mentioned that the violent eruption in the low country of 
Skaptar Joktd in Iceland, in 17 S3, brought up a mass of lava 
BO considerable as to surpass in magnitude the bulk of Monl 
Slanc. According to that calculation, such a mass, if consti- 
tuted like the lava examined by Dr Kennedy, would have 
required a quantity of atmospheric air equal to the bulk of 
4435 times the size of Mont Blanc, had that lava been ge- 
nerated by oxidation of the metals contained in it, Thue 
a bulk of nitrogen gas of 3503 times as great as that of the 
mountain mentioned, must have been evolved during the for- 
mation of thaV mass of lava. 

It is beyond all probability to suppose caverns of such, ao 
enormous extent in the interior of the earth for coutaiiung 
such huge quantities of atmospheric air. Therefore, the ad- 
vocates of the chemical theory will be obliged to assume very 
long periods for the formation of such masses of lava, during 
which the passages between the internal cavei-us and the ex- 
ternal atmosphere must have been always open. Thus, they 
must suppose that atmospheric air must enter these cayems 
and quit them, after having been deprived of its oxygen, and 
that this entrance and exit of air took place unceasingly 
during the whole time of these actions. But it is ohTious 
that these streams of air must be supposed to exist in such 
proportions as to support these actions, as soon as melted 
masses require to be kept in the liquid ignited state. There 
can, therefore, be no question that very considerable quantttitt 
of nitrogen gas ought to appear in the neighbourhood oEsatk 
subterraneous actions on the sm-face of tlie earth. Are we 
to suppose that the scanty exhalations of nitrogen gas from 
thermal springs connected with volcanos proceed from such 
actions .' Such exhalations are quite insignificant when c 
pared with the formation of the masses of lava alluded to. 
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^B Professor Daubeny, however, remarks, that the nitrogen 
^BpMiceedijig from these actions may reach the air not only in 
^fh separate condition, but also united with hydrogen in the form 
of ammonia. It is true, ammonia, especially sal-ammoniac, 
occurs among volcanic matters in craters or fumaroles, but, in 
general, in such small quantities as not to be sufficient to ac- 
count for the huge quantities of nitrogen supposed to be sepa- 
rated according to the chemical theory. But, even granting 
all the nitrogen separated from atmospheric air to be united 
with hydrogen occurring in the focus of a volcano, chemists 
ought to ask, if a union of these gases can be supposed possi- 
ble in the direct way ? It is well known that chemists have 
hitherto been unable to unite directly these gases, even by 
letting down a mechanical mixture of nitrogen and hydrogen 
gas under the sea, to a depth of 540 metres, where the pres- 
sure is equal to 60 atmospheres. It cannot be doubted that 
the same laws of combination which take place in our labora- 
tories also prevail in volcauos. But it may be replied that, 
for effecting combinations in the focus of a volcano, there are 
two powerful agents, not presented together in our labora- 
tories, at least not in such a strong degree, viz., an enormous 
pressure, and beat The former of them seems not to favour 
the combination of niti'ogen with hydrogen, as we have above 
seen ; and as for the latter, it is well knotvu that ammonia is 
resolved into its elements by heat. Therefore, it is scarcely 
probable tliat an enormous compression in the focus of a vol- 
cano, assisted by a considerable heat, can effect a chemical 
combination between nitrogen and hydrogen. 

However, the defenders of the chemical tlieory of volcanos 
will adduce the known fact that a mechanical mixture of hy- 
drogen in excess, of oxygen, and of nitrogen, when ignited, 
produces ammonia, or rather nitrate of ammonia, and that, ac- 
cording to their theory, these substances ought to be present 
in the focus of a volcano. Supposing, for a moment, the for- 
mation of this salt, it is obvious that it would instantly be de- 
composed by heat into water and the protoxide of nitrogen. 
But, they will ask, how can you explain the occurrence of sal- 
ammoniac among the products of volcanic action, unless by 
the combination of the nitrogen with bydro^'cn ? In rcjily- 
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~ remains in sedimentary rockii come in contact with the liquid 
ignited matters in the focus of a volcano. 

Passing from this matter, I shall turn to the supposition of 
an oxidation of the earthy and alkaline metals at the expense 
of water. Professor Danbeny alleges to my objections eon- 
ceming the disengagements of enormous quantities of hydro- 
gen in such a case, that this gas could hardly be expected to 
escape in a free state from a spot which contains so many 
elements, for which it possesses a strong affinity, and to which 
it would be presented under the influence of the pressure and 
temperature so well calculated to promote its combination 
with them. 

Venturing to offer some remarks against these consequences, 
I shall first endeavour to calculate what quantities of hydrogen 
ought to be separated, on the supposition that a certain quan- 
tity of lava would be generated by oxidation of their metallic 
principles, at the expense of water. I shall then examine into 
iJie possible combinations which hydrogen may be assumed to 
present in the focus of a volcano. 

As for the calculation, I shall found it on that given by 
Danheny, above quoted. 100 parts of lava contain 42 parts of 
oxygen, and these are contained in 47,6 parts of water. We 
may consequently suppose that lava, wlien formed by the oxi- 
dation of its metallic principles at the expense of water, re- 
quires about 50 per cent, of it. Lava being 3.2 times heavier 
than water, 1 volume of the former will require about 1.5 vo- 
lumes of the latter to be produced. The lava ejected from 
the Skaptar Jokul would, of course, have required a bulk of 
water 1.5 times as much as that of Mont Blanc. 

I feel disposed to believe that the explanation, as to how 
Buch considerable masses of water may gain admittance to the 
focus of a volcano, is less difficult than the supposition that 
there are substances in sufficient quantity for uniting with bo 
great an amount of hydrogen as would be separated by the 
decomposition of that water. 

Professor Daubeny mentions the sulphm- and chlorine we 
know to be generally present in volcanos. As 6.188 parU of 
hydrogen unite with 93.812 parts of sulphur to produce 100 
parts of sulphuretted hydrogen, 5.6 parts of hydrogen separated 
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from 47.6 parts of water requisite for the oxidatitHi oHV 
metallic bases in 100 parts of lava, would suppose the presence 
of about 84 parts of sulphur. In fact, were lava to be fcHnned 
in this way, and were the h3-drogen separated to be united with 
eolpbur, the quantity of tho latter ought to be 84 per cent of 
that of the lava generated. Applying this result for calculatr 
ing the bulk of sulphur requisite for producing the lava ejected 
from Skaptar Jokul, we find this bulk about 1.4 times as much 
as that of Mont Blanc, for the specific gravity of sulphur is 
1.99, and that of lava 3.2. Indeed, such a con^derable quan- 
tity of sulphur can scarcely be assumed in the focus of a vol- 
cano. But even let us suppose it, on the other hand it must 
be asked, how comes it that the earthy and alkaline metals, 
having a strong affinity to sulphur, are not rather united with 
this substance 1 Though these combinations do not take place 
at a common temperature, yet they were to bo expected, as soon 
as heat is evolved by the commencing oxidation of the metal- 
lic bases, at the expense of water or atmospheric air. There- 
fore, tlic advocates of the chemical theory cannot suppose the 
presence of sulphur in the focus itself, where these metals are 
imagined to be, but in higher places, where the hydrogen 
arising from beneath would unite with it. Granting even the 
sulphur to be in these higher places, the formation of sulphu- 
retted hydrogen, nevertheless, cannot be supposed, as it is 
known that hydrogen and sulphur cannot be united dii-ectly, 
and scarcely even by melting and volatilizing sulphur in Ly- 
drogen gas. 

Finally, it must be well considered that, according to the 
chemical theory, the decomposition of water by metallic prin- 
ciples would be the first phasis of volcanic action ; that, conse- 
quently, the second one would be the combination of the hy- 
drogen separated with sulphur. These two phases of volcanic 
action would of course precede by a long period the eruptlms 
of lava. But volcanic phenomena present, in general, the 
contrary of these suppositions. Disengagements of salphn- 
retted hydrogen gas do not take place before the issuing of 
lava, but, for the most part, after all otlier volcanic phenomena 
having ceased. It is well known that these disengagements 
take place, in general, when a volcano is in the state of a SoI- 
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fatara. Tlie solfatara near I'uzzuoli, and many in the Andee, 
present sufficient instances of this kind. I 

This circumstance seems to me the most fatal to the che- 
mical theory. 1 cannot imagine how its advocates can remove 
this difficulty. They will not surely he disposed to assume 
that the hydrcgen separated by the decomposition of water, 
in the first phasis of volcanic action, is reserved in vast ca^ 
vems near and about the focus of the volcano, and that it is 
only a long time afterwards that the combination with sulphur 
takes place i ■ 

I am quite at one with Professor Daubeny, in admitting thfl 1 
large beds of sulphur which exist in most volcanic district* J 
(viz. Sicily), to he the result of the decompositions of the sul- 1 
phuretted hydrogen evolved. Many years ago I stated in I 
German journals, and, 1 think, on good grounds, that these ' 
beds, both in volcanic and neptunian districts, may for the 
most part have been generated by the slow oxidation of sul- 
phuretted hydrogen at the common temperature, at the ex- 
pense of atmospheric air, whereby only the most oxidisable 
ingredient of it, the hydrogen, was oxidised, whilst sulphur 
was deposited. Regarding the formation of sulphuretted hy- 
drogen, there is, however, a difference of opinion between 
Daubeny and myself. He remarks, that I pass over without 
any attempt of explanation, among otlier things, the evolu- 
tion of sulphuretted hydrogen, in quantities far exceeding 
what are to be explained by the reaction of carbonaceons 
matter upon sulphates, or any of those other processes which 
'sometimes produce it on the surftice of the earth. 

tending to discuss this subject in my future pub- 
lications, yet I may take this oppoitunity of answering these • 
remarks of Professor Daubeny. 

Sulphuretted hydrogen seems generally to he formed by ths J 
reaction of carbonaceous matter upon sulphates. There arel 
many instances which appear to lend considerable weight ttt:l 
this supposition. Thus mineral waters containing sulphat 
igage sulphnretted hydrogen, when for a long time i 
«(mtact with any organic matter, for instance straw. I ono^ 
pot a tea-spoonful of sugar in such a water, placed in a pitched 
After having aJloived it to remain four years in a cellar, s 
a considerable qu;i[;tity of sulphuretted Vi^'Ata^siw •«?& ^ 
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rmtod u to fbnn b strong sulphurous water. Tlie sulphate of 
lioda formerly contained m it bad disappeared, and iron pyrites 
was deposited. On the bottom of a mineral spring contain- 
ing only a very small quantity of sulphate of soda, I once 
found pieces of iron pyritea, including organic matters, such 
u branches and stalks of plants. There is no doubt but this 
iron pyrites was formed by the decomposition of sulphate of 
soda and carbonate uf the protoxide of iron, at the expense of 
the organic matter. 

We can accordingly have no difficulty in admitting most 
sulphurous springs to be formed in the same way. In support 
of this, it may be mentioned, that all sulphurous springs con- 
tain sulphates and organic matters. I allude only to those in 
the Pyreneet, which, it is known, abound in vegetable matter, 
the so-called BarestHe. 

Many exhalations of sulphuretted hydrogen in volcanic dis- 
tricts may be formed in tlie same way. At least organic 
matters are not wanting in sedimentary rocks which have 
been broken through by volcanic actions, and sulphates exist 
in many volcanic products. 

Assuming that melted lava comes in contact with sulphur at 
any part of a volcano, and that the so-called liver of sulphur is 
produced from alkalies and alkaline earths ; supposing, farther, 
that the liver of suljihur meets with water and carbonic auii': 
gas, sulphuretted hydrogen will be evolved. We may easily 
imagine exhalations of this gas during the course of many 
ages, when liver of sulphur abounds. Indeed, the immense dis- 
engagements of carbonic acid gas in many districts of former 
Tolcanic action, within the memory of man, appear to lend con- 
siderable weight to the theory suggested. 

I shall not pass from these considerations without alluding 
to Daubeny's supposition that the chlorine also, which we know 
to be generally present in volcanos, may be united mth the 
hydrogen evolved by the decomposition of water. But the 
occurrence of a considerable quantity of chlorine in a firee 
state in a volcano is hardly probable. We know this substance 
to be merely evolved when a peroxide is present. In the inte- 
rior of the earth there is only that of manganese which is 
rather abundant. When present at the locality of a volcano, 
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rt can merely be supposed to exist in such places where there 
is no red heat. An enormous quantity of chlorine must be pre- 
sent to unite with the hydrogen evolved. For instance, 
5.6 parts of hydrogen, calculated above, require 187 parts of ' 
cUorine to be present for producing 100 parts of lava, when I 
the hydrogen separated from water is to unite with it. | 

Whatever be the importance of these reflections, every one 
must come to the conclusion, that the production of lava, by 
oxidationof its metallic principles, requires immense quantities 
of atmospheric air or water, and that the hydrogen separated 
by the decomposition of water, supposes the presence of sul- 
phur or chlorine for uniting with them in such quantities as . 
to exceed those of the lava itself. ■ 

It is ti'ue, the quantities of gaseous matters rising from thsl 
crater of a volcano during its eruption cannot be estimated in ^ 
proportion to the lava issuing from it at the same time. How- 
ever, as soon as these matters should exceed the lava in quan- 
tity, the atmospheric air roimd about the volcano, to a consi- 
derable distance, would be quite fatal to animal life. Accounts 
of the eruptions of Ve»iwius and other volcanos do not men- 
tion such phenomena. Gaseous exhalations, it is true, take 
place in abundance in the environs of Vesuvius, but only after 
tbe cessation of the eruption and the issuing of lava. These 
exhalations, consisting of caibonic acid gas, cannot be con- 
nected with oxidations of the metallic bases supposed to exist 
in the interior. Professor Daubeny himself assumes that these 
disengagements cannot be derived directly from chemical pro- 
cesses which produce the phenomena supposed by him, but 
that they are only caused by the heat which these processes 
tend to diffiiae through the adjacent rocka. 

Among the simple bodies for which hydrogen possesses a I 
strong affinity, oxygen occupies a high rank. Professor Dau- 
beny speaks of this gas uniting ivith the hydrogen separated by 
the decomposition of water. However, it seems to me rather 
difficult to suppose its presence in a place where, according to 
him, mighty oxidations take place. But even granting atmo- 
spheric air, after having acted upon the metallic principles, to 
reserve a sufficient quantity of oxygen for the ignition of the ■ 
hydrogen evolved, tliis supposition leaves the explanation gene* 
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rally on the same footing. IndeeJ, admitting this, it is the 
same as if atmoHpheric air alone were to oxidise the metallic 
principles ol' lava, viz. tlic same quantity of oxygen, formerly 
fumiahod to them by water, must now be afforded to the hy- 
drogen by the atmospheric tur. 

To these considerations it may be added, tJiat Sir Humpiiry 
Davy could not, in any of the several instances in which he 
experimented on lava, when freshly poured out, and in a liquid 
ignited state, detect any traces of pm-e or nncombined alkaline 
or earthy intiammable bases." Dr John Davyproperly adds that 
the ahsence of iron in its metallic state amongst the products 
of volcanos, so abundantly oxidated in the first degree of oxi- 
dation, is very unfavourable to the idea tliat large quantities 
of inflammable gas are evolved in volcanic eruptions, or even 
disengaged. Were this oxide acted on by hydrogen at a high 
temperature, what is there which could prevent its decompo- 
sition ? and if redoced, we might expect to discover it in this 
state, at least occasionally, enveloped in and protected hy lava. 

Before finishing my remarks, I cannot help asking the de- 
fenders of the chemical theory, whether they suppose that the 
volcanic actions by which the immense mountains of granite, 
trachyte, basalt, porphyry. &c., have been elevated, resulted 
irom the same chemical processes ? The question is, did these 
masses occur in the interior of the earth in a metallic condi- 
tion, or as oxidised bodies ,' In the latter case the advocates 
of that theory would be obliged to embrace the very same 
explanation of volcanic actions I am venturing to defend. On 
the contrary, by assuming the former opinion, the very saiae 
difficulties would be placed in opposition which I have est»- 
blished above, but, as we cannot doubt, only much greater io 
degree. It must be asked where are to be found the substances 
separated by the oxidation of the metallic bases of the liquid 
ignited masses that have aiisen from the interior, whether it 
was that atmospheric air or water was decomposed, whether 
it was that nitrogen or hydrogen was separated, or that am- 
monia, or sal-ammoniac, or sulphuretted hydrogen was pro- 
duced P These substances, the equivalents of the ejected liquid 

• Memoirs of theLifa of SirHnmpLrj Dai-y, by liis brother, vol. ii. p. 122 ; 
and Collected Works, vol. i. p. 269. 
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ignited masses raised up, amount to quantities equal to the vol- 
canic rocks, and even surpassing tUem, as we have seen above. 
But nowhere on the surface of the earth, or in the atmosphere, 
are such immense masses found. If the defenders of such a 
hypothesis were to suppose that in former times the propor- 
tion of oxygen in the atmospheric air was greater than now, 
the possibiUty of such a supposition cannot be denied without 
hesitation ; however, it may be remarked, that there are other 
grounds for inferring the opposite opinion. 
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L dicular ascent, 137 — their sinking 

under the s«a, lakes, and glocii 



Eartliq'iakcs explained by the internal 
heat of the earth, 209— closely con- 
nected with volcanic phenomena, 255, 
266~do not coincide with volcanic 
eruption, 267 — take place at a great 
depth, ^55 — caasod by the effort of 
elastic fluids, 256-256— by the sink- 
ing of rocks in the interior, 2G3 — ac- 
companied with exhalations of gas, 
259, 261— with bursting forth of 
flames, 259-261— tbe shocks follow 
the direction of chains of mountains, 
258 — stones and water emitted from 
vents during earthquakes, 260 — 
smoke, 261 — elevalion of the tem- 
perature of the sea, 261^ — their pro- 
pagation ia not confined to any parti- 
cular rock, 261— follows the direction 
of the rocks, 262— of the basaltic 
masses, 262— in all directions, 262 — 
originate from a, common centre, 263 
—independent of external circum- 
stances, 265 — cause changes in the 
hot springs of Iceland, 229 — caase 
elevations, 246, 247 — Eart}iqaake 
caused by the penetration of alarge 
mass of melted iron into (he soil, 



Flames, never seen from the crater of 

VesavinH, 203. 
Finland, the gradual elevation of, 248, 

FiTH, 69. 



Climate, its influence on the progres- 
sion of the jncreaHe of temperature 
towards the interior, 124, 136. 

Cona, basaltic, porphyritic, and grani- 
tic, connected by rents, 222. 

Cratert of eruption, 245— of elevation, 
339, 24». 

Ciimana, elevation there, 246. 



Ocmdecken, 91. 
Qeyter, 226—229. 

Olaeien, the melting of, from under- 
neath, 65-69 — by means of springs, 
76, 83— by means of air, 88— quanti- 
ty of ice melting away from them, 70 



thi 



the channels of 
m, 86, 89 — accuranlations of wa- 
below them during the winter, 81 
etain in then: interior no forei^ 
tter, 70 — temperature of the aoi] 
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under them, 7l> 75, 89— causes why 
this temperature is higher than 32°, 72 
— formation of the holes in them, 73 — 
the increase and decrease of glaciers, 
90— causes acting in opposition to 
the increase, 91 — cause a depression 
of temperature in their enyirons, 
144<— observations on this near the 
lower glacier of QnndelwaJd, 144- 
146— glacier streams flow also in 
winter, 78 — their contents of fixed 
substances must be different in diffe- 
rent seasons, 81. 

Oonung Am, 242. 

Granites, their occurrence, 237, 239. 

Oreenland, sinking, 250. 

Chujferlinieny 81. 

HecU, internal, of the earth, progression 
of its increase, 185-210 — how the 
most accurate results are to be ob- 
tained, 189 — cannot be with certainty 
deduced from the temi)erature of Ar- 
tesian springs, 191 — rising through 
clefts in the Jura limestone, 289 — 
elevates the temperature of all fis- 
sured chalk hills, 293. 

Jfferctdaneumy 244. 

Hiera, 240. 

HilUy rising on rents, 222. 

Hydrogen Gas, seems never to issue 
from volcanos, 202. 

Ice-Grottos, their influence on observa- 
tions of temperature in the earth, 
124. 

Jorullo, its elevation, 243. 

Iron-Glance, its formation during vol- 
canic eruptions, 206. 

Islands, their frequent elevation from 
the bottom of the sea, 239. 

Isogeatherinal and Isothermal Lines coin- 
cide in general, 44. 

Isothermal Lines, subterranean, 130. 

Kameni, 240. 

Lakes, decrease of temperature in them, 
97 — their temperature at considera- 
ble depths, 98 — its excess is due to 
the warmth of the interior, 1 02 — ris- 
ing and descending currents in lakes, 
102-104 — they receive the more heat, 
the hotter the climate and the deep- 
er they are, 104 — the mean tempe- 
rature of their surface seems to be 
higher than that of the soil in their 
vicinity, 106 — the deeper they are, 
the later will, during the winter, their 
surface be reduced to the freezing 



point, 107 — elevated Alpine lakes 
may freeze to the bottom in winter. 
109. 

Lancerote, 242, 23 1— elevation there, 246. 

Lava, its fusibility^ 209 — at what depth 
in fusion, 210 — ^its quantity is com- 
monly inversely as flie height of the 
fissures from which it issues, 219 — 
how it may be elevated from be- 
neath, 219 — differs in its characters, 
222 — enormousquantities brought up, 
232, 233— formation of, 201, 231. 

Leuckerhad, ori^ of, 148. 

Limestones, their conversion into mar- 
ble, 237. 

Lisbon, earthquake at, 246, 255. 

Liitschine, chemical examination of, 84. 

Matters, melted, in the interior of the 
earth, their consolidation produced 
by crystallization, 220, 238 — ^their ris- 
ing out of the interior, 236— through 
the bottom of the sea, 239 — altera- 
tions in adjacent rocks produced by 
matters forced up, 237. 

Metals of alkalies and earths converted 
into lava hy oxidation, 201, 231. 

Mocha, elevation of, 248. 

Mofettas, the temperature of, 13, 203. 

Molucca Islands, 241— elevation, 248. 

Monte Nuovo, its elevation, 243, 244. 

Monte Rosso, its elevation, 243. 

Monte Somma, 244. 

Moraines, 91. 

Moto vorticose, 261. 

Moya, 260. 

Muriatic acid gas is not evolved from the 
volcanos under the equAtor in the 
New World, 203 — ^but from Vesuvi- 
us, 205. 

Nitrogen gas is not evolved from volca- 
nos under the equator in the New 
World, 203. 

Ochotsk, earthquake at, 255. 
Otaheite, elevation of, 248. 

Plants do not possess a warmth of their 
own, 99. 

Plutonic masses and Neptunian forma- 
tions, relations between them and 
thermal springs, 285. 

Pompeii, 244. 

Porphyries, their occurrence, 237. 

Reservoirs, subterraneous, of water, in 
the chalk-hills of the Tentoburg^ 
Wald, 290 — proofs of their great ex- 
tent, 291, 293. 



t, analysis of its water, Sl—^uon- 
ty of water cairiod b/ it out of Swit- 
and, 70 — quantity of solid matter 
aally carried out, 93. 

t, tliiiir uncquril i>ow» of conduct- 
il^ heat canBOB djfTerencea in the 
progreBsion of temperature towards 
the centre of the earth, 135-127 ;— 
arysbdlinf, their fusibility, 209 — trap, 
their ocrurtence, m—tmttratifed, 
proofs of their pyrogenetic ongin, 
938 — of Tery diflerent natures, are 
often met with close to each other, 
223— in close contact with all the 
stratified and Hupeificial formations, 
236 — form dykea in the stratified 
locks as well as in one another, 33G. 

Sabriivt, 241, 243, 

Bolt, comnion, in lavas, 206- seems not 
to bo general, 207- 

8(mla Maria, elevation, 248, 251. 

Saalorin, 239, 240. 

Scandinavia, the gradoal elevation of, 
246, 261, 353, 254. 

Seodand, elevations tlicre, 347. 

Sm, its temperature at various depths, 
98 and foil. — must receive heat from 
the earth beneath. 111 — tempera- 
ture of its surface decreases on ap- 
proaching land or shallows, 112— this 
phenomenon is not di^pendent on the 
latitude, 113 — the mean temperature 
of the surface of the sea is higher than 
that of the surrounding atmosphere, 
113, 116. 

Seal and Uitet, having a great depth im- 
mediately near shore, produce on 
it a depression of temperature, 142 
— observations on the shores ol the 
lakes of Thun and Brienz, 142, 143. 

Siberia, Northom, the frozen soil of, 95 
— is not contradictory to the suppo- 
sition of a state of fusion in the m- 
terior, 96. 

SItmograph, 257- 

SMiti',peTpetual,ymiitso{, 161. 

Springii, acidviotit, their elevated tem- 
perature is not occasioned by the ab- 
sorption of carbonic acid gas, 8 — do 
not always exceed fresh- water spdnga 
in temperature, 14. 15 — of freih xvaler 
in the vicinity of the glaciers and on 
the limits of perpetual snow, their 
temperature, 27 — rising out of lime- 
stone rocks, the amount of carbonate 
of lime they contain, 8fl — hoi, come 
upmiderglaciers,77— atLou ekerbad, 
77— intho Alps, 277, 278— serve as a 
protection against earthquakes, 267 
— closely connected with volcanic 
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action 323, 224, 235, 267— especially 
in Iceland, 22fl, 229— chemical pro- 
cesEes cannot bo the cause of their 
being heated, 18-20,288,269— the ac- 
tion of electrometers also not,21 — in- 
ternal heat alone, 20, 26S, 270— also 
volcanic masses elevated, 270 — hat- 
teet in Europe, 224— Aw! and Ihirmal, 
definition of, 2, 268— containing Oie 
greatest quantity of fixed subst^ces, 
ore not always the hottest, 18 — alte- 
ration of their temperature, 228 — 
and chemical composition dnnng 
earthquakes, and in the vicinity of ' 
active volcanoa, 22, 23 — causes of this 
phenomenon, 24, 27 — occurring at the 
point of intersection of the two diffe- 
rent systems in the Alps, 277— in 
other places, 283 — intermitling caused 
by the existence of caverns, 32B— 
minind, exceed the mean tempera- 
ture of the place, 2-8 — also many 
fresh water springs, 3— in the dis- 
trict of Laacher See, their origin, 279- 
282 — tmuntain, are not capable Of 
giving the decrease of temperutiiroin 
the ground with the height, 76— <a- 
Kne without sulphate of lime, 287 — 
iidplmTeaai, their ori|pn, 387 — in se- 
condary rocks in the Pyrenees, 27s — 
therntal, are to be found in all forma- 
tions, in all latitudes, and in the most 
different heights, 7, 8— in the Alps 
are ordinary warm waters, 278, 287 
— can participate in the variations of 
the external temperature, 33, 57 — 
their number may probably surpass 
that of the cold ones, 37, 38 — their 
influence on the temperature of the 
interior, 119-121- relation between 
them and Plutonic masses and Nep- 
tnniun formations, 2B5 — obtained by 
boring, 282, 283— their chemical in- 
gredieuts, 286 — viarm, rising at the 
foot of high mountoiuB, their origin, 
14B. 
Springs descending from great heights 
bring down cold with Uiem, 28^1, 
32 — their variations of temperatnre 
seldom keep an equal pace with that 
of the air, 3 i, 32 — their extent of the 
yearly differences of temperature, 
33 — the line can hardly be drawn 
between mineral and fresh-water 
springs, and between warni and cold 
ones, 34, 35 — springs of constant tem- 
perature must always be considered 
as thermal,33,3S — rising out of loose 
stones are invariably colder than those 
coming from solid rock, 41— their 
(einpcrature iR a function of that of 
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